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FOREWORD

The medical subspecialty of rheumatology deals predominantly with
“incurable” diseases for which only limited forms of therapy are currently
available. It is unlikely that major therapeutic advances will occur prior to
obtaining a better understanding of the etiologies of these disorders. At the
rresent time the practice of rheumatology continues to rely heavily upon

the clinical acumen of the physician, however, intensive research in many
diverse fields, most notably immunology, biochemistry, and virology, have
begun to provide some insight into the pathophysiology of many of these
disorders and have afforded the clinician with an increasing number of

; laboratory parameters useful in the diagnosis and management of many

i rheumatic cenditions. R )

» [ , » ¥

‘This issue of ‘Present Concepis reviews several ¢linical, immunological, and
investigational aspects of rheumatology. Several papers have come from
f the Hospital -for Special Surgery, Cornell Medical Center, where Doctors
‘ Phillips, Lightfoos, Kagen and Lockshin are members of the medical staff,
r and Doctor Chrisgian. is the Physician-in-Chief. Doctor Rothfield is on the
the medical faculty of the Univessiy of Connecticut School of Medicine,
Doctor Jacobs is a practicing pediatric theumatologist at the Babies Hospital
of the Columbia-Presbyterian Medical Cénter and Doctor Hughes is with the
Department of Medicine of the Roya! Postgraduate Medical School in London.
Major Chier is presently a Fellow in Rheumatology at Letterman. We are
indebted to this yroup. of suthors for generously contributirg to this symposium.
It is hoped that the topicr presented will be of interest to the general internist
as weil as demonstrate the incregsing spectrum of disorders that are ¢ interest
to rheumatologists. T

T LT DO

MA] SELWYN A, COHEN, MC
Guesi l:ditor
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it “peactical” and nct too “theoretical.” By “practizal” is
usually meant “therapeutic™; by “theoretical” is usually
meant “fundamental.” The suthoe has ro patience with
such s philosophy. Ore cannot peasibly pra: tice good
and not understand the fundamentals underlying therapy.
. Few if any rules for therapy we nwve than %0 per cont
correct. If one does not enderstind the fundamentals,
; one does more harm in the 10 per cevt of instances o
! which the rules 4o not appiy than ane doe. qood in the
90 per cent to wilich they do spply.

~—Tuller Albright

Editer’s Hote: These wends 1 hewe M 27 0etes. Thay have been srimied i
Coc-Losh Tanthosk of Medicias, Jad cowd munwom vifss timte. The
Tast teer } himk E unw S in e, | vis thwnbing through Asnels of
Smternal Medicing (Angant 197, BAL,
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EDITORIAL .

Charles L. Christian, M.D,

Faysician-in-Chief
The Hospital for Special Surgery, Cornell College of Medicine, New York

This volume of Present Concepts of Internal Medicine reviews a part of the
spectruin of rbeumatic disease. As with all subspecialties, the boundaries
of Rheumatology arc poorly defined. They overlap extensively other
subdisciplines of internal medicine, as well as the fields of orthopedic
surgery, neuro.>qy, and rehabilitation medicine. The multisystemic mani-
festations of a syndrome, like systemic lupus erythematosus (SLE), high-
light the varied clinical skills that are requis .¢ for management.

To date there has been no formalization of training or certification in
Rheumatoiogy — most consultants in this area are broadly trained
internists with special, tut not exclusive, interest in this field. The
American Board of Internal Medicine, however, has announced its inten-
tion to examine Diplomats of the Bourd who wish additional certification
in Rheumatology (Ann Intern Med 74:434, 1971). Under the current
proposal, candidates wishing such certification wili be eligible after com-
pleting two years of subspecialty training. It remains to be seen how
many physicians now practicing as consultants will seek such ceitification.

Fhe research disciplines that are relevant to the study of rheumatic

disease include all fields of biological science. Although some of the
rheumatic syndromes are clearly metabolic problems, i.e. gout and alkap-
tonuria, the pathogenctic bases for most types of chronic ri~u:aatism are
not known. As sections in this volume emphasize, there are prominent
in.munological abberations in disorders like SLE and rheumatoid arthritis
and new concepts, more than new data, have reawakened interest in
microbizl hypotheses for the pathogenesis of such syndromes. Even though
the individual connective tissne syndromes seem distinct in their classical
forms, there is much in common and there is reasonable promise that
elucidation of the pathogenesis of one syndrome will also have rclevance to

Fresent Conceyts, Vol IV No 7, July 1971
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Editorial

the others. In compn:l; with most diseascs t:.:‘mnknown etiology, there is
evidence that multiple factors participate in is. The of

: scientific inquiry applied to the study of neoplasia — involvin;xg:

4 interrelationship of genetic, immunological and virologic factors — seems
equally promising for syndromes such as SLE.

, The Rheumatologist lacks a “cure” for most that he treats. To the inquir-
% ing physician, the resulting frustration is & sustained stimulation to gain

‘ new information regarding the etiology and pathogenesis of rheumatic

—' disease,

:

Present Concepts, Vol IV No 7, July 1971
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CHRONIC, VIRUS INFECTION AND THE CONNECTIVE TISSUE
DISEASES *

Paul E. Phillips, M.D.t

The idea that thes ocomnective tissue dissases might have
an infectious basis is not new, In the 1930s rheumatoid
arthritis wvas commonly called "chronic infectious arthritis®—
at that time infection was the recognised cause of inflammation.
With the discovery of rhewoatoid factor and other autoantibodies
in the 1940s and 1950z, the connective tissus diseases bhecame
known as autolmmune disoages. While efforts focused on un-
ravelling the nature and mode of acvion of autoantibodies,
the underlying oauses were still elusive. Thus the idea that
the autoimmuns phenomena might be secondary to envirommental
oauees received another look. The possible role of chronic
virus infection has received oonsiderable attention, primarily
because of the recent inoreass in understanding of such infec-
tions in animals and man,

Virus diseases are usually thought of as acute infections,
vith virus multiplication leading directly to cell damage and
dissase. Within s couple of weeks, the host responds immuno-
loglioally with both circulating antibody and cellular immunity,
which lead %0 virus elimination. Clinioal recovery follows
and lifelong imminity usually results. The oommon virus
dieonses of childhood -—measles, chioken pox and rubella —
are tjnical examples of usviily acute virus infections. How-
sver, it a3 become apparent that this outline is tco simple
becauss, first, clinical signs ¢f such viral illnesses may not
occur until the host responds immnologioslly. For instance,
rash comnonly appears at ths same time as circulating antibody,
thuy the hoat immune response may itself be partially respon-
sible for tissus damage, Secondly, the virus infestion may
alter the immunologic status of ths host; o.g., the depression

*Rescarch Department Publication No. 416. Supported s part by graats from The John A. Hartford
Foundation and the US.P.HS. (1-RO1-AM14627, NIAMD).

From the Departments of Rheumatic Disesse, The Hospital for Special Surpery. Philip I, Wilion Research
FPounuas. *a affilisted with The New York HospitalCornall University Medical College, end Modicine,
Comell Untvorsity Medical Coliege, New Youk, N.Y, 10021,

$ Aesisiant Professor of Medicine, Cornell,
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Chrome Virus Infection and ihe Connextive Tissue Diseases - Phillips

of tuberculin skin test reactivity in measles or, conversely,
the enhanced immuns respon3iss seen in some virus-infected
animals. Thirdiy, one nqcbaniut lifelong imounity may
actually bs the ‘persistencé of the virus or its antigens in
the host.

The more recsntly recognized chronic virus infections
(also known as slow, latent, temperate cr persistent) may not
be accompanied by clinical signs. In animals thess viruses
are often tranmmitted vertically from mother to fetus, witn virus
replication proceeding asymptometically. The crucial differ-
ence between these viruses and an ordinary acuté virus infection
is that the virus is not oliminated by the host immune response.
In animals, the host may continue to respond immunologically
to ‘he persistont virus, and cliniocal disease then results
primarily from imsunological reactions with the virus or its
antigens in the host's tissues. There may be no apparent
disease for a time, then it may be mild to severs with an
episodic or progressive course; the exact pattern with a
particular viras eeens to depend on the nature of the host
immune response to chronic {afection, which in turn appears
to be largely controlled by genetic factora. Thus genetic
susoeptibiliiy probably determines in part whether chronic
virus infection ocours, and its subsequent nanifestations.

In man, herpes simplex and herpes zoster am well-known
examples of chronic virus infecticns, which result in episodic
acute disease, TABIE I. Kuru and Jakob-Creutsfeldt disease
are progressive encephalopathies of the spongiform type, and
have been trensmitted to other primates. /1/ Also progressive
is subacute sclerosing panencephalitis, which was thought o
be of viral etiology by its discoverer Dawsor in the 1930s.
Not until recently was this disease actually shown to be a
chronic measles infection (although another virus may be in-
volved as well). /2,3/ Persistence of the virus of serum
hepatitis, manifest as Ausiralian antigen, can be asymptomatic.
Indirect evidence suggests that neoplasia in man may result
from virus peraistence. /4/

Research with chronic virus infections ia animals has
besn instrumental in enlarging our understanding in this area
and in its application to human disease. TABLE I. Examvles
include screpis, a transmissible neurologic disease of sheep,
which is histopathologically similar to kuru in man, /1/ The
RNA leukemia-sarcoms viruses, Lest stuiisd in mice and chickens,

Present Concepts, Vol IV No 7, July 1971



Chonic Virus Infection and the Connective Tissue Disegses - Phillips

are nodels of vertically tranemitted chronic infection with
pathogenetic implioations for similar humwan disorders. /4/
Aleutian disease of mink, lymphocytic choriomeningitie {LM)
in mice, and New Zealand mouse disease are important models
for the connective tigsue diseamses, because in these tissue
injury 1s mediated by immanologic proossses, partioularly by
immune complexes. /1.5/

TABLE ]
SOME CHRONIC VIRUS INFECTIONS

In man
Herpes simplex (fever blisters, ~cld sores)
Herpes zoster (shingles)
Kuru
Jakob-Creutzfeldt presenile dementia
Subacute sclerosing panencephalitis (SSPE)
Australia antigen viral hepatitis
(?) Neoplasia
(7N Connective tissue diseases

In animals
Scrapie in sheep
Mouse and avian leukemia - sarcema
Aleutian discase (AD) of mink
Lymphocytic choriomeningitis (LCM) in mice
Autoirmmuae disease in NZB and (?) NZB/W hybrid mouse

The clagsic disease caused by immune complexes is serum
sickness (whers host antibody combines with the foreign serum
protein, 18 deposited with complement in the kidney, and glo=-
merulonephritis results). In human systemic lupus erythema-
tosus (SLE), DMA and anti-DNA antibody immune complexes are
thought to be an importani pathogeneti: mechanism.* Similarly,
in the nephritis of Aleutian disease and LM, virus or viral
antigens are involved in the formation of the immne complexes.
In addition, viral antigens in the tissues are subject to immu-
nologic attack by the host, with resulting tissue damage. /1,5/

In the SLi-like disease of New Zealand mice, a clcse
correlation has been ahown hetwean the appearance of a murine
leukemia virus antigen inu the ocirculation and tho onset of

*Dr. Cohen discusses these on pages $28,530,
Present Concepts, Vol IV No 7, July 1971
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Chronic Virus infection and the Conneciive Tissue Discases - Phillips

Coombs' positive hemolytic anemia, The subsequent appearance
of antibody to this antigen correlates well with the disap-
pearance of the latter from the circulation (presmably via the
formation of immune complexes), the appcirance of immune com-
plex~type nephritis and proteinuria, leading to death of the
mica, /1,6/ Thus, the SIE-1iks disease of these mice seems to
result from their immunologic response to chronic infection
with murine leukemia virus, However, others /1,5/ haws shown
that these mice are immunologically hyperreactive to a variety
of other antigens. Rurthermore, since all strains of mice are
probably chronically infected with leukemia virus /4/ and usu-
ally without auto-immune manifestations, one has to invoke a
genetic basis for the hyperreactivity of this inbred strain.
Similarly, in many of the otber animal models of chronic virus
infection leading to immunologically mediated disease, a
genetic >redisposition seems essential to explain why only
certain strains of animals are affected. /1,5/

wmile these animal models suggest that similar mechaniems
may be involved in the human connective tissue diseases, the
actual evidence Jur chronmic virus infection here is at best
circumstantial. In SIE, microtubular inclusions have been
found in renal glomerular endothelium with the electron micro-
scope. /7/ These inclusions appeer similar to those caused by
measles in subacute sclerosing panencephalitis /2/ and thus
havo bean termed "paremyxovirus-like". Although they are most
pume~-u8 in SIE, they have also besen frund in a variety of
un.viated diseases, and thus are not specific for SIE, Mor-
phologically they differ somewhat from tho kmown appearance
of the paramyxoviruses (TABLE II) and attempts to identify
their viral nature by immu ;fluorescent and other techniques
have so far been unsucoegsful. /8/ Similarly, virus isolation
studies in SLE, including attemptis to culture these inclusions,
havn been negative (our own expevienco is shuwn in TABLE III),
Thus the role of these inclusisns in the pathogenesis of SlE,
43 ‘tell as their actual nature, remains unclear. /8,1/

Likew.-a, attempts to incriminate a specific virus by
showing elevated titers of antibody to it in the serum of SIE
patients have not succeeded. Measles, pcrainfluenza, rubella,

Epstein-Barr virus anti“ody levels. and others, are significantly

elevated in SIE compared to control subjects, TABLE IV. While
yet othe~ virus antibodies have not been significantly elevated
in SIE, the numbers of patients studied have cften been small
and the methods used for measuring soms of these antibodies
relatively insensitive, /10-12, 1/ Our own studies indicate

Present Conceptr, VollY No 7, July 1971



TR s

I TRV R

-

Cwronic Virus Infections and Connective Tissue Diseases - Phillips

o o R N B AR T B NS

| TABLE {{
PARAMYXOVIRUS AND VIRUS- LIKE” MiCROTUPULAR INCLUSIONS

R i

In cyto- Membrane Tﬂﬂy Diameter of tudule

Inclusion plasm aly bound cotled Outer Inner
> ngrtrom =

Measles 0 0 0 180(140-200) 50

SSPE* 0 0 0 180(150-200) 50

SLEt + + + 230(190-250) 80

*Subacute sclerosing panencephalitis
tSystemic lupus erythematosus

TABLE 111
VIRUS ISOLATION STUDIES OF TISSUE CULTURES FROM SLE PATIENTS

Successful growth: 10/13 specimens, 9/10 patients.
M:an duration: 5.4 mo. (1-12).
No evidence of virus by:
Cytopathic effect 10 strains ~ Hemagglutinin 3 strains
Cocultivation 3 Hemadsorption |
Cell fusion 2 Interference 2
TABLE IV

VIRUS ANTIBODY ELEVATIONS IN SLE

Measles Reovirus type 2
Parsinfluenza type 1-3 Infectious bronchitis OC 43
Respiratory syncytial Herpes simplex

Rubells EB virus

Present Concepts, Vol 1V No 7, July 1971
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Chronie Virus Infections and the Connective Tissee Disceses - Phillips

that at least the measles and parainfluenza type 1 antibody
eloevations reflect the hypersammagiobulinemia cr-monly found
in SIE. This and the multiplicity of the virus antibody
elevations suggest tbey are a result [rethe: than the cauoe)
of the immunologic hyperreactivity which is characteristic
of SIE,

Turning to rheumatoid arthritis, no animal model caused
by chronic virus infection is known. Howevar, thsre has been
increasing evidence for the formation . f immune complexes in
involved joints. Rheumatoid factor, itit9lf an autoantibody
(against altered JgG), appears to be involved but the initial
antigenic stimulus in this chain of events is still unclear.
Chronic microbial infection could provide such a stimulus and
a variety of isolates have bcen obtained from rheumatoid syn-
ovia over the years, includi: y; diphtheroid bacilli, mycoplasma
(PPID) and other less well-characterized agents. /1/ Since
Koch's postulates cannot be fulfillec for th.,se isolates (i.e.
they cannot be inoculated into human subjects), their signifi-
cance can only be assessed by less direct methods and re-
mains unclear at present. The particular piv.olems in evaluating
such isolates are to determine (1) that they are not contami-
nants introduced during the usually complex laboratory manip-~
ulations, and if not, %2) that they are pathogenic and not
"pagsengers" or secondary invaders of already damaged synovia.
Reproducibility of results in different laboratories is a third
problem. More recently Grayzel and Beck /13/ and others /1,5/
have shown that rheumatoild synovial cells are resistant te
superinfection with Newcastle disease and rubella viruses, and
that the resiastance may be tranamissible in vivo to rabblt syn-
ovial cells. In other systems, such resistance has been found
to be due to an otherwise inappareni infection with another
virus, thus this work may be the first clue of such an infection
in rheumatoid synovial cells. However, metabolic differences
have also been found between rheumatoid and normal synovial
cells and, while these might result from cn inapparent virus
infection, Jastor's work 511.,/ suggests that the difference is
due to a peptide "activator" subetanca. Such metabolic aif-
ferences could be responsible for the resistance found 4in
rheumatolid cells. Many other attempls at isolating viruses
from rheumatoid synovia have beou .egative including our own
with over 60 patients. /1,5/ Electron microscopic and sero-
logic studies in RA have been unrewarding to date, /1/ thus
there is no firm evidence at present ‘hai chroniec infection,
viral or other microbial, plays a role in the pathogenesis of
rhewsatoid arthritis.

Present Concepts, VarlV No 7, July 147]
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In the rarer ovnnsctive tissue diseases —— dermatomyo-
sitis, scleroderwmsa ani polyarteritis nodosa ~-— there had been
little evidence to suggest a virus etiology, although certain
animal modsls were suggestive. /)/ However, Gocke et al /15/
recently desoribed persistence of Australian antigen in certain
patients with typioal polyarteritis, with strong evidence for
the pathogenetic role of immune oomplexes oontaining Australian
antigen and antidbody. Thus, it seems likely that some ocsses of
this disease are caused by a chronic infection with the virue
of s:vum hepatitis., This discovery should encourage a ocontinued
examination of the possible role of chronic virus infection in
the oconnec.ive tizsus diseases.
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COMPLEMENT IN HUMAN DISEASE

MA]J S. A. Cohen, MC

The complement (C) system has been clearly implicated in
the pathogenesis of many human and experimental diseases./1,2/
Increasing availability of componsnt and total hemolytic ocom-
plement asseys have provided clinicians with useful parameters
in the diagnosis and treatment of many of these disorders. 4
reviev of discase states involving abnormalities of the C
systen forms the basis of this article. The abnormal C level
at any given time reflects both oatabolic and synthetic rates
of individual oomponsnts. However, msasurement of the metab-
olim of these components is presently awvailable only at a
fow masearch laboratories and this paper will deal mainly
with those laboretory determinations readily available, i.e.,
total hemolytic C and C3 luvels.

The C* system consists of a group of ssrum proteins that
interact sequentially to mediate certain of the effects of
antigen-antibody reactions. This activation of the C systex
1s initiated by the union of an appropriate aniibody either
with soluble antigen or with an antigen loosted on the surfaoce
of such target ocells as srythrocytes, tumor ocslls, bacteria
or protosoa., Many antigen-antibody complexes are inert in a
biologioal sense and their ability to oruse tissus damage is
dependent upon their ability to activate the C systea. This,
in turn, ocan lead to several important biologioal phenomena:
sttraction of polymorphonuclear leukocytes, increased membrane
permeability, adherence of antigen-antibody complexes to
erythrooytes, polymorphonuclear leukocytes, or platelets
(1mmune adherenve), increased phagocytosis by polymorpho-
miclear lsukocytes, and production of a defect in the target
osll membrane which leads to ommotic lysis and ocell death.

*C represents * complement”. The nomenclature for the components of the C system conforms to that
agreed upon by World Health Organization, 1968, and are designated C1, C2, C3, etc. The activated
state of a component is significd by a bar above the number, e.g., CT.
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(The membrane defect, when visualized by electron microscopy,
appears to be a hole 1034 in diameter, and is identioml in all
types of cells. /3/) The effect of C activation might there-
fore be hemolysis, killing of bacteria, lysis of tumor cells,
or it might be to enhance tissue inflammation in an area of
antigen-antibody complex deposition.

The standard laboratory procedure used to measure C levels
is determination of the "total bemolytic complement® (CHsg),
This analysis utilises the ability of the activated C system,
under appropriats circumstances, to lyse sensitised erythro-
sytes; specifically, i\ measures the ability of a test fluid
to lyse 50 percent of a standarised suspecnsion of sheep
erythrocytes coated with rabbit antisheep erythrocyte anti-
bodies in absenoce of complement. Test serum is then added
and & determination is made of the greatest dilution which will
cause 50 percent cell lysis. The CH5p is inversely propor-
tional to this dilution and is a functional measure of the
integrity of the entire C system. As will be discussed below,
this system is actually composed of nine components plus three
inhibitors or activators and a lov CH50 could reflect decreased
activity of a single component, reduction in the activity of
multiple compuaents, or an abnormality of an inhibitor. Punc-
tiomal and puysical evaluation of many individual oomprnents
are also nov available.

The activation of the C system begins with the binding of
an antigen-antibody complex to Cl. FMgure 1., This component
oonsists of three subunits, Clqrs, and it is actually Clq
that binds to the izmurs ocomplex. _{ils, & proestersse, 1ia
oonverted to an active esterase (CI) by the imsmne complex.
[Normal people bave an inhibitor (Cl INH) of this estersse
in their seruy/ C1 then acts on C4 and CZ converting these
components into the CIZZ complex called C3 convertase, which
splits C3 into fragments. Complexes in the CIZ3 state have
biologiocal activity and react in immune adherence, undergo
enhanced phagooysosis and are associated with the gensration
of a potent histamine liberator anaphylatoxin. The remaining
components are added in a poorly understood manner. All nine
components are needed for erythrocyte lysis.
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Fig. 1. The reactions of the complement system. This scheme appears a numter of places in the
Hterature, although this diagram is sccredited to Ruddy S, Austen KF: Inheritod sbnormalities of
the complement system in man. Prog Med Gen 7:69-95, 1970. EA ropresents an erythrocyte-
antibody complex,

INBORN ERRORS

conditions listed in TABLE I represent intrinsic abnor-
malities of the C system. Hereditary angioneurotic edema
(HAE) has been the most intensively studied of the inborn
errors and is desocribed below. The remaining abnormalities
are mentioned only briefly.

Hereditary Angiceurotic Edema

Early in the C sequence activated C1 (an estsrase) reacts
with C4 to formm Cl4. In normal people theres is a cliculating
inhibitor (C1 INH) of this (T estersse. The serum abuormality
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Hereditary angioneurotic edems

C2 deficiency

Partial deficiency of C3

C1q deficiency with thymic aplasia

Clq deficiency with impaired immv.noglobulin synthesis
Defective C5 in a far iilial sbnormality of phagocytosis

unique to HAE is the {unctional abssnoce of this Ul esterase
inhibitor. Figure 2. T4 some familiss this protein is absent
from the sera, while in others it is present in normal amounts,
but is nonfunctionsl. The laboratory diagnosis can be made

by screening for the inhibito. (Cl IME) iteelf or by demon-
strating lov G, and C2 levels, The natural substrates of the
uninhibited Cl. Components which are beyond the C2 step do
not seem to be involvad, Cigy is usually depressed during the
acute attack of anglonsurotic edema, but ocoasionally is normal.

ca c2
- +
EACT ——B-EAC TS -

~ ’
S ~Cl1INKT

Fig. 2. Hereditary angioneurotic edsma. C1 INH is the normal inhibitar of the first component of
compiement. In HAE this Protei: may or muy not be prasent. if present, it is functionally insctive.

This gepetic abnormality is trensmitted as an autosomal
dominant with incomplete penetrance. Clinioal symptoms ocon-
sist of attacks of subepithelial edema involving the skin,
mucosa of the GI tract {(which mey oause intestinal obstruction),
and mcosa of the upper respiratory tract. Iaryngeal edema
due to upper respiratory trect involvement is the leading cause
of death. Emotional stress and trauma often preceed the scute
attack, but obvious precipitating factors are absent in nost
episodes. The sdema usually subs!des spontaneously within
2,4-48 hours and at the present time only symptomatic therepy
is evailable, along with careful obaervation for the appear-
ance of laryngeal edema. The recsnt description /5/ of this
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syndrome occurring for the first time in a 6l-year-old woman
with a negative family history demonstrates that HAE should
be considered even in elderly patienw; without a positive
fanily history who develop skin and muocosa edema.

Othe: Inbom Errors

G2 acficiency, tranmmitted as an autosomsl recessive
characteri tic, has been reporved in several families, The
conocentrations of C2 in homozygous deficient sera are less
than five percent of normal; in heteroxygous deficient sere
they vary between 30 to 70 percent of normal. /2,6/ No clin-
ioal abnormalities have heon detected in these families, A
partial familial deficiency of C3 has also been noted without
aay apparent clinios) manifestations. /2,7/

Low Clq levels have also been detected in a varisty of
hypogammaglobulinemic syndromes and recently a direct oorre-
lation between serum levels of IgG and Clq has been dsmon-
strated. /8/ A syndrome of recurrent grem negative infections
in infants has been associated with a familial deficiency in
C5 funotion, /9/ These patients have & normal (Hsp but apper-
ently bave a defect of C5 which impairs ite ability to enhanoe
the phagocytosis of certain antigens, but not of cthers, and
leaves intact its antipenicity and its function 3.1 immune
hamolysis. Control of the infections has followad plasms
tranafusions,

ACQUIRED ABNORMALITIES

In the situations presentsd below, abnormalities in C
level are seoondary manifestations of an underlying disease
process. Elevated serum C has been reported im ulosretive
colitis, acute rheumatic "~ver, myooardial infarction, gout,
rhewmatoid arthritis, “ayroiditis and many other disease
entities. Several C :omponents are acute phase rectants and
are elevated in any inflammatory condition. An elevated C
level is, therefore, a non-specific finding common to a large
pumber of disease disordera, Depressed ¢ levols are consid-
erably less rommon and have been detected in the disearss
listed in TABLE II. The depression may be dus to inoc.eased
utilisation ¢® C (e.z., serm sickness, ocold sgglutinin
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K disease, mixed cryoglobulinemia), decreased synthesis of oom-
‘ plement (e.g., liver disease), or due to still unexplained
mechanisms %e.g. ’ ucmgloha'lim).

TABLE 1l
ACQUIRED ABNORMALITIES

Serum sickness

Acute post-streptococcal glomerulonephritis

Systemic lupus erythematosus

| Autoimmune hemolytic anemia

k Rheumatonid synovial effusion
Progressive glomerulonephritis of childhood
Cryoglobulinemia
Subacute bacterisl endocarditis with renal disease
Macrogiobuiinemia

3 Renal transplant rejection

Myastenio gravis

Chronic glomerulonephritis

Malaria

Scvere hiver uiscase

Scrum Sickness

Human serum sickness closely simulates "one shot experi-
mental serum sickness"”. In classic one-shot serum sickness a
single large d>se of foreign serum or protein is injected.
FMgure 3 illusrirates the ssrologiocal events that will take
place in the subject. The antigen level in the serum will
first slowvly decreases, due to non-immune catabolimm »f cir-
culating free antigen, followed by a phase of rapid loss just
precedirg the appearance of free circulating antibody. As
the antihody forms it first combines with the antigen in
extreme antigen excess with resultant formation of small sol-
uble complexes capable of remaining in the circulation as
indicated by the complex line, As the amount of antibody
formed increases, the antigen-antibody complexes becoms larger
and are rapidly removed. Jcincidental with the presence of
antigen-antibody complexes in the circula’.on, there is a fall
in serum ¢ and the appearance of acuile infianmatory lesions
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- Fig. 2. Serum rickness. The elimination of
injected 13!1abeled antigen. Serum sickness
{shaded ares) occuss following the appearance
of soluble antigen-antibody complexes and
resolves following their disappearance.
{Permission to reproduce was kindly granted
by Chwries L. Christien, M.D.)
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in the kidneys, heart, arteries and joints. The subject at
this tims has clinical serun sickness which usually resolves
without any sequelae, Using immunofluorescent techni-ues,
antigen, antibody and C can be demonstrated in the ocardio-
vascular and renal lesions during the acute episode, tit with
the elimination of all immmune oomplexes from the system, the
inflapmatory lesions in all sites rapidly resolve with minimal,
if any, permanont changes remaining. In this situation low C
seems clearly to be due to activation by the circulating
antigen-antibody oomplex and deposi*ion of its components in
the body tissus.

Acute Poststreptococcal Glomerulonephr.tis

Complement is usually low in acute poststreptococoal
glomerulonephritis (AGN). That this disease is caused by
sirculating antigen-antibody complexes is suggested by its
similarity with acute serum sickness nephritis. A delay of
ssven to nine days is seen following the administration of
foreign protein and the onset of serum sickness; similarly,
there s an {nterval following streplococoal infection and
the onset of AGN. At the first detection of renal abnor-
mality, in both situations, there is a decreased serun C. /11/
Gamma globulin and C3 globulin are found within the lomeruli
ag discrete {ine nodular deposits adjacent to the glomerular
bagsment membrane in both diseases. Type 12 streptococoal
products bave also been detected in the same area in AGN /12/
and mcently antibodies against streptoococorl antigen have
besn eluted from glomsruli of ratd with poststreptococoal
glomerulonephritis /13/. This information suggests that

Present Concepts, Vol IV No 7, July 1971



RR{/]

Complement m Human Diseases - Cohen

antistreptococoal antibodies and sireptococcal antigen coxbined
with C have pathogenetic importance in acute poststreptoonccal
glomerulonephritis.

Systemic Lupus Erythematosus

It is now wvidely anpreciated that C levels are cften
depressed in systemic lupus erythematosus. /14/ In most
casss this depression correlates best with activity of lupus
nephritis, and probably represents C fixation by circulating
irmune complexes that are subsequently deposited along the
renal glomerular basament membrano. Recent studies have sug-
gested that the DNA-anti DNA immune system is of particular
significance in this disense; the role that other specific
antigon-antibody complexes play in the pathogencsis of lupus
nephritis remains unclear at the present time., The evidence
that lupus nephritis represents an "immune complex" disease
i3 as follows. /15/ (1) Immunoglobulins and C are present
in a "lumpy immunofluorescent pattern similar to that seen in
serum sickness as opposed to the linear patte-m present in
Goodpusture's syndrome oaused by antiglomerular basament mem-
brane antibodies. (2) The elsctron microscopic picture is
identical to that seen with serum sickness. (3) Antimclear
antibodies can be eluted from lupus kidneys in concentrations
greater than in corresponding sera and anti DNA antibodies
have been detected in the eluates. (4) DMNA has been demon-
strated by immunofluorescence in the deposits withia the
glomerular be Jement membrane. (5) Serum C levels are de-
pressed during periods of active nephritis. (6) Antinative
DNA antibodie. and native DNA have been demonstrated in the
serunm of patients with lupus nephritis —— although they
have nct yet been detected s‘multansously nor in circulating
complaxes,

ratients with circulating anti DNA antibodies usmally
become i1l after the serum C begins to fall. Complement
remains low throughout the period of active nephritis and
rises following adequate therapy with corticosteroids or
immunosuppressive therr.py. The relationships between anti
DNA titer (as measured by the sensitive farr technique) /16/
serum C levels and clinical disease are illustrated in Figure
LA, B, and C.
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The serial studiss depicted in Figurs 4A are from a patient
who presonted with severe active lupva neparitis; C levels as
represented by the sol'd line were below 50 (nor-al is greater
than 120), and the DNA binding activity (anti DNA titer) rep-
ressented by the dotted line was 100 peroeant (normal 1s less
than 20 peroant.), Afte. therapy vith preanisone and Imuran
was institated, the patient improved, the C rose to nomal
levels, and CNA binding ac'ivity decreased to normal. A
similar study sppears in Figrre 48, On this graph the dotted
line rep.vaents serum C levels which was initially quite low
and the DNa binding activity which was 100 percont initially
is represeated by the solid line, Thls patient was acutely
111 when firat seen. After therapy was begun, C levols rose
to normal, the DNA binding activity decreased, although never
to normal levels, and the patient responded clinicalliy. How-
ever, the -4 binding activity began to rise again, C level
decreasea 1n October 1969 and tks patient ultimately had a
clinical relapse., That an cluvaced DNA binding activity and
low C level may siprify an impending clinical exacerbation of

Prevens Corcepts, v IV N, TJulv 1901




]
]
4

TRAT

T )

Complement in Humnan D sease - Cohen

disease .2 again 1llustrated in Figure AC, This patient was
clinicatly well in January 1967 although 80 pcreent DA bind-
ing activity ,’he soli. line) was present, as well as a low
serum C. ' / nmonths (ater she became grossly nephrotic. On
steroid therapy both clini~al state and serological abnor-
malities impruved. Jiudies of this type have suggested that
serum v may be & useful guide f>r evaluating therapy in patients
with lupus nephritis and in predicting possible exacerbations
of disease activity. It has recently been demsnstrated that
central nervous system complement titers are depressed in
active central nervous syetom lupus end that this depression
is not a reflection of serum values. These deta suggest that
the neurcpsychiatric complications of SLU may be caused, in
part, by activation of the C system within the central nervous
system. /17/

Autoimmune Hemolytic Anemia

It is currently thought that the attachment of antibody
to erythrocyte does not, by itself, produce irreversible damage
to the cellular membrane, If this antigen-antibody reaction
is followed t fixation of all nine C componsnts, then membrane
lesions may be produced leading to the dissolution of the cell.
A) ermatively, early componenta of C may become bound to the
erythrceyte membrane ivading to accelerated clearance cof the
rd blood cell from the circulation. /18/ Jold agglutinin
disease and paroxysmal :old hemoglobinuria are well-documented
examples of . mediated hemolytic disease »nd are discussed
below and in more detail on pages 585 anc 586.

Cold agglutinins have been detected in primary atypical
pneumor:ia, infectious mononucleosis, SIE, lymphoproliferative
disorders ad in "idiopathic culd agglutinin diseass". /19/
The antibody is en IgM anti-1 (less often anti-i) which fixes
to erythrocytes circulating in superficial blood vesasels
expoeed to the cold., Attachment of the anti-I antibody is a
reversible temperuture dependent process, being maximal at
0. and weak or absent at 37C; bowevcr, the O fixed to the
erythrocyte in the ¢oid is not eluted in the wam, A slindard
Ccombs' reagent directed against yglobulin (" y Coombs' reagent")
would thus be non-reactive at 370 (out positive if done in
the co"1)., while a broad specificity or non yCoombs' reagent
capable of reacting with © on the erythrocyte would give a
praitive rasult. Therapy is directed against the underlying
disease process,
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Paroxyamal cold hemoglobinuria is an uncommon disorder
characterized by sudden passage of hemoglobin in the urine
following local or general exposure to cold. An IgG anti-T
antibody reacts in the oold with the erythrocyte and binds
Clq to the cellular membrane. It is only after the blood
temperatures has ruturned to 37C that the remaining C compo-
nents attach onto the erythrocyte and cause hemolysis. The
dissase is usually, but not invariably, secondary to lues.

Rheumatoid Synovial Effusions

Synovial fluid {‘vom patients with rheumatoid arthritis
(RA) contain less C relative to the total synovial fluid pro-
tein than do synovial fluids from other forms of arthritis,
and the extent of this reduction is proportional to the titer
of rheumstold ractor. Inclusions of IgG, IgM, rheumatoid
factor, and C have been destected within leukocyte from these
hypocomplementemic synovial fluids, /20/ It has been sug-
gested that in patients with RA immune complexes form in tne
synovia. fluid, activate the C system and are then phagocytigzed
by synovial fluid leukocvtes. Rheumatoid factor probably
attaches to the immune complex and enhances C activation; the
nature ol the ‘mmune complex, however, remains unclear at the
present time, /21,22/ (iggregated IgG is also found in some
of these symovial fluids and may be responsible for activation
of the C syretem), Recently, low serwm C levels have been de-
tected in a few pa.ients with severe RA, /23/ The sercpathology
of RA 1s reviewed in this symposium cn pages 537 through Skl.

Other Acquired Abnormalities

Frogressive glomerulonephritis of childhoed /24/ (chronic
hspocomnlementemic ~lemerulonephritis) is primarily a disease
of adoicscent or pre-ndolescent girls which is characterized
by a slow indolent course marked by episodes of gross hematuria
or edema or hoth. associated frequently with anemia and hyper-
tension., “These chi!riren "lave A persistertly low C level and
lgs ard  are deposited along the glomerular l.asement menbrane
in a lumpy distritmution. The renal disease is progressive and
does nnt respoad to sterold, immunosuppressive or anticoagulant
therapy.

Cryoglobulins may be associaved with low 5 levels and are
discussed in detal. in this symposium on pages 580 through 584,

Present Concepts, Vol IV No 7, July 1971

i3



it

sl

L IR KR AREET R AR A TS S e 1

her g

Complement in Human Disease - Cohen

Low C levels have been reported in patient: v’th subacute
bacterial ondocarditis (SBE) and renal involvement, while
normal C is the rule in SEE without renal disease. /25/ This
may be due to oomplement fixation by antibody and becterial
antigen resulting in an immune complex nephritis. The glo-
merulonephritis seen with infected ventriculo-atrial shunts
pay have a aimilar pathogenssis. /26/

A recent report /27/ documented that a low serum C level
is a common occurrence in macroglobulinemia, The cause for
this, as yet, is completely unknown. C levels usually increase
at the time of renal transplant rejection and decrease below
normal as the rejection episode subsides. It usually remains
low for several weeks aud finally stavilizes after the rejec-
tion crisis has passed. ,/28/ Patients with m usthenia gravis
or chronic glomerulonsphri!is occasionally hawve low C levels,
The malaria caused by P, falciparum is frequently ansociated
with hypocomplementemia,* Although it is known that malaria
infection is accompanied by a marked immrmologiocal response
by the host, the reason for the low seru: C remains unclear
at the present., Several C components are synthesised in the
1ir and severe liver disease may result in a reduction in
S activity. /1/

It is becoming clear that abnormalities of the C system
are present in many diverse pathological situations and that
measurement of total hemolytic complement (CHsy) or even
quantitation of C components does not nooounrﬂsg portray an
accurate picture of the state of this complicated syitem.
Functional analysis of ¢ components will probably add consid-
erable insight to our understanding of the effects of immune

reactions and the contribution of the C systsm to tissue injury.

. *Cohen SA. Observations, 1970-7)
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THE SEROPATHOLOGY OF RHEUMATOID DISEASE
Robert W. Lightfoot, Jr., M.D.*

While joint involvement 1a the most common clinical mani-
festation of the dimease commonly known as rheumatoid arthritis,
most patients with this disorder in fact have involvement of
many organ systems with a chronic inflammatory proocess typioal
of the rheumatoid joint, In scme patients extra-artiocular
disease may be sufficiently severe so as to comprise a mjor
threat to health and life. For these reasons it may be pref-
erable to disoard the term "rheumatoid arthritis® and replace
it wvith the more appropriate "rheumatoid disease® (RD).

; Ourrent speculation favors an infectious etiology for RD.
Such a oonoept is not new. In 1931, Ceocil and his ocollabore‘tors
vere able to culture streptococcl from rheumatoid synovial
fluids. Serological studies revealed titers of streptoooccal
agglutinins in rhewsatoid serums to be signifiocantly higher
than in the normal population. It was subsequently discovered
that rheumatoid serums pessessed high titers of antibodies
ageinst a variety of bacterial pathogens. The significance

of theese findings wvas not appreciated until the discovery of

the rbeumatoid fauotor severul years later.

In 1940 Wealer reported finding in rhewmatoid serums a
factor vhich wvas capable of agglutinating sheep erythrocytes
ooated vith subagglutinating doses of antibody. This obser-
vation vas neglacted urtil the report of Rose and his associ-
ates in 1948 of the presence of & similar factor in rheumatoid
serums. Studies by a nmber of other investigators have elu-
oidated the nature of this rheumatoid factor.

Rheumatoid factor (RF) has been found to be not one, but
a oollectivn of antibody proteins found in the serums of
rheumatoid patients in high titer. Clasiocally they are 19S,
macroglobulin antibodies of the IgM variety, whose antibody
activity appears to be primarily directed toward the human
78 IgG proteins. In this sense rheumatoid factors may be
oonsidered to be anti-antibodies. In most patients they

* Asustant Professor, Department of Medicine, Cornell University Mcdical College, and Hospital for
Special Surgery, New York, N Y. 10021t
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oxhibit some cross reactivity with IgG proteins of otler species.
Less commonly, such factors may be found in the 7S Ig( component
of rheumatold serum, again with antibody activity toward human
1gG protein.

Although some evidence indiocates reactivity of rheumatoid
factors with native unaltered IgG they are known to react pref-
erentially with IgG that ha: been denatured to some degree.
This may vary from a mild steric alteration ccourring vhen IgG
antibody reacts with antigen, to the more severs dsnaturation
induced by heating gamme globulin for seversl minutes at 63

degrees centrigrade.

Tests for rheumatoid factors generally utiiise a partio-
ulate marker ocoated with IgG. The particle employed may be a
polystyrene latex particle ocoated with pooled humen gamma
globulin, a red blood oell tanned with gamma globulin, or an
Rh-positive cell sensitised with anti-Rh antibody. In some
instances heat-aggregated gums globulin may be the "particle”.
In the pressnon of a positivo serum, such particles are
agglutinated. The presence of naturally occurring antibacterial
antibodies in a serum possessing such an anti-antibody probably
rx.plains the high titers of antibecterial agglutinins found in
the earlier studies, in wvhich oase the bacterium served inad-
vertently as the particulate marker.

Rheumatoid factors can be demonstrated in 70 to 80 percent
of patients with documented RD using the techniques outlined
above. A small peroentage of rheumatoid factor-negative patients
have been shown to possess hidden rheumatoid factors which are
revealed by senarating their 19S and 7S immunoglobulins with
column chromatography. In spite of these and more elaborate
methods used, a mmll number of patients with classiocal RD
exist in vhom no rheumatoid factor activity ocan be demonstrated.
Furthermore, there are a number of disesases closely related to
RD, such as ankylosing spondylitis, Reiter's syndrome, and
juvenile rheumatoid disease, in which rheumatoid factors are
usually absent. The presence of rheumatold factors in an
arthritic is not diagnostic of RD, since they are found in
from one-third to one-half of patients with related connective
tiasue diseases cuch as systemic lupus and scleroderma, and
occur with lov frequency in normal serums.

The role of rheumatoid factors in pathogenesis is not
fully known, but would appear to be negligible. In the RD
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Joint, phagocytosed complexes of rheumatoid factor and 7S IgG
have been found in joint fluid leukocytes, and it ie thought
that they may represent a potent stimulus to phagocytosis,
vith attendant relesase of hydrolases into the joing space.
That rheumatoid factors do not play a primary role in dissase
pathogenesis 1s suggested by the failure to produocs symptoms
on transfusion of RF-rich serum into normal volunteers. This
oontention is supported by the finding of naturally occurring
RF in norsal persons as well as in a variety of {llnesses
vhich bear no clinionl similarities to RD. Aamcag such diseases
are kala-amr, leprosy, tuberculosis, syphilis, and tecterial
endocarditis.

Rheumatoid factors may be found in many oonditicns char-
acterised by prolonged imsunologioal siress. RF cen he in-
duoed in laboratory animals by hyperimsunisation and are known
to ocour in low titer in military recruits and bactericlogy
laboratory personnel prochylactioally hyperissuniscd. In
bacterial endocarditis removal of the immunological astimumlus
vith antibiotic tLerapy results in disappearence of the rheu-
matoid factors.

In spite of the nonspecificity of rheumatoid factr.s for
RD and the failure to demonstrate a signifiocant role in path-
ogenesis there is a generel correlation between the titer of
rheumatoid factors and ssverity of the rheumatoid process.
Patients vith high titers have a much greater incidence of
subcutaneous gramilomatous nodules and a grester tendency
toward erosive, corippling joint destruction than rheumatoid
factor-negative patients. The occurrence of systemic vasculitis
and viscersl involvement with rheumateid grenulomata is vir-
tually restricted to rheumatoid factor-positive patients, and
is usually present in ezxoceedingly high titers in such patients.

Antinuclear antibodies (ANA) have been .uported in rheu-
matoid disease with an incidenoce of 10 to 60 percent, although
generaliy in lower titer than in patients with systemic lupus
oerythematosus. There 1s a higher incidence of antinuclear
antibodies in patients who are rheumatoid factor-positive.
Acoordingly, ANA-positive patients tend to hawve a higher in-
cidence of erosive joint disease as well as vasculitic lesions,
keratoconjunctivitis siroa, end Mslty's syndrome. Davis has
suggested that the ability of rheumatoid factor to react with
antibody complexsd with antigen affords a mechanimm vhereby
a rhoumatoid factor-positive patient might be protected from
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systemic immune-complex disease. Thus the reaction of RF with
complexed gamma globulin within the joint space would promote
pagocytic removal, perhaps increasing local inflammation vhile
sparing the individual from developing a more systemic i:umme
complex disease. Others have found little clinical evidenoce
that rheumatoid factor exerts a protective effect in patients
with systemic lupus.

Studies of the serum complement system in RD have usually
revealed normal tc high values of total hemolytic complement,
a common finding in inflammaiory states in general, with the
exoception of systemic imrune complex di:sass such as SIE and
acute glomerulonephritis. A few severely and chronically 111
patisnts with RD have been fcund to have low serum complament,
however the implicati-ns of these findinge are not clesr at
present. Synovial fluid complement levels in RD are substan-
tially lower than in other inflammatory joint dlsesses.

Studies of complement ccmponents have suggested that the
low synovial fluid valuas result from immmologic fixation,
although the possibility of complement inhibitors has not been
thoroughly studied. Again, these data iuply the presence of
complexed gamma globulin in the joint space.

The data ocurrently available suggest that RD may result
in part from a form of looal immune-complex dissass piimarily
involving the joints. Efforts in »eany latorstores are now
being directed toward identifying the antigen whicl uight be
involved in such an immune complex. Because such an antigen
should have the properties of persisting and dissemivating in
a given patient over many years, an infectious agent is tiing
sought. Among the agents thus far implisated bave bessn the
Mycoplasma and certain Liphtheroid bacteria. ‘(hese initially
encouraging reports have not been cunvincingly reproducible,
and a major thrust is now being made to implicate a slow or
latent virus in the pathogenesis of this disease.

* The concept of “latent viruses™ discussed in detaif by Docto. Phullips in this symposium
pages S$15-822,
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. . .In 1893 Buchner described how serum, which when fresh was able to
kil certain bacteria, lost this ability after heating at 56°C. The heatdabile
constituent which either had, or aided, this bactericidal action was called
alexine. A more madern synonym is complement, Serum factors, which
were active in the serum of guinea-pigs, immunized by heat-killed organisms,
had been shown by Pfeiffer in 1894 actually to accomplish the dissolution
of cholera vibrios. The bactericidal factor in this case proved to be specific
for these organisms. A year later Bordet showed that the bacteriolytic and
-cidal activity of an immune serum against cholera vibrios depended on two
distinct factors: one was thermolabile and also present in normal serum
(i.e. it resembled alexine), and the other was thermostable and specific

(antibody),

From Humphrey JH, White RG: Immunology for Students of Medicine, 2nd ed.
Philadeiphia: F.A. Davis Company, 1964, page 7,
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MYOPATHY IN THE COLLAGEN DISEASES*®
L.]J. Kagen, M.D.t

Anong the ssverul syndromes vhich are recognised under the
heading of "collagen dissases”, xyopathy may be a dominmant or
ninor feature. In this brief review an attempt will be made
to outline the nature of the muscle disease which may ocour in
asgociation with these illnesses, with acoent on recent thoughts
or developments, It is well to point out Pearson's cautionary
note /1/ that pathologicel alterations may be found in muscle
biopsies from patients with chronic diseases, and that these
non-gpecific changes may oontribute to the ocliniocal muscle
involvement.

Dermatomyositiz and Polymyositis

Myopathy i1s the dominant feature of this syndroms group.
Its incidence in the population is not kmown precisely although
two estimates would suggest a rate of about five cases per
million population per year, /2,3/ Approximately two-thirds
of patients are female. In older patients an asscoiation with
mlignancy may exist. /4/ This association is not necessarily
simnltansous and is ons reason for the careful observation that
these patients receive.

The cliniocal pioture of patients with myositis is extremely
variable and Pearson /5/ has charecterised its extremes as
(s) scute polymycsitis with or without skin resh, severe con-
stitutional symptoms and repid and severe loss of strength,

and (b) gchronic myositis with gradual weakness evolving over
several years, particularly in the limb girdle ausculature.

Tenderness and induration of the muscles may be present,
and biopay may show a broad spectrum of changes with necrosis,
degeneration of fibsrs, inflammatory infiltrates, regensrating
fibers and fibrosis. This may be scattered and mild, or gen-
eralised and severe, and followed by profound muscle atrophy.
Elevations of t-> serum activities of creatines phosphokinase,

SRR AR S
N The Phillp D. Wilson Research Foundation, The Hospite! for Special Surgery Affiliated wath the
N‘:?"Y‘mkollmgsll and Department of Medicine, Cornels Univeruty Medical College.

1 Assistant Profussor of Medicine, Cornell.
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lactic dehydrogenase, glutemic oxalacetic transaminase and aldo-
lase may be striking, particularly in acute patients and may be
useful clinical guides. Recently myoglobin has been detected
in serum and urine of patients with acute myositis. /6/ This
heme-~containing, oxygen-tinding protein is normally found only
in striated muscle and its appearance in the circulsation and
subsequent remal excretion 13 a specific manifestation of musale
injury or alteration. Approximately one-half of patients
studied demonstrated myoglobinemia or myoglobimuria, and later
unpublished findings indicats this ratio may be higher. Myo-
globin was usually present, in low concentration and often was
present in serum and not urins, suggesting a renal threshold
phenomenon. Myoglobinemis was most common among those patients
vith dermmatomyositis, rather than polymyositis, and usually
disappeared with institution of therapy. However, two patients
in this group had persistent myoglobinemia and myoglobinuria

and developed renal failure, This complication of myoglobin-
uric states /7-9/ should alert the physician to this rare but
potentially catastrophic occurrence with severe myositis.

Attention has lately besn focused on possible etiological
factors wvhich may play a role in inciting this illness. Auto-
immune humoral factors (antimyosin, immunoconglutinin and
antinuclear factors) were not found to be increased in incidence
in a group of patients with polymyositis compared to patients
with other muscle diseases. /10/ Similar negative findings
for antimuscle antibodies heve been reported. /11/ However,
interest in the immunclogical determination of this illness is
high because of its importance in the development of a labora-
tory model of this disease. Dawkins /12/ produced a generaliszed
myositis in guinea pigs given injections of heterologous uscle
mixed with Preund’s adjuvent. These animals demonstrated
delayed type hypersensitivity to heterologous and homologous
muscle antigens. Kakulas /13/ hos extended these observations
by demonstrating that lymph node cells from sensitized animals
could destroy tissue cultures of skeletal muscle cells. Currie
and co-workers /14/ found in vito stimmlation of lymphocytes
from patieats with polymyositis upon exposure to muscle anti-
gens, In addition, lymphocytes {rom these patients appeared
to bring about destruction of muscle cells in tissue culture
after twe toc four days in most cases, In vito transformation
of lymphocytes in response to autologcus muscle in experimental
myositis of guinea pigs has been noted. /15/

Theorles of a possible viral etiology have been stimulated
by the findings of intranuclear and cytoplasmic inclusions

Present Concepts, Vol IV No 7, July 1971
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resambling myxoviru- particles in muscle cells by Chou. /16/
Inclusious in endothelial cells of muscle capillaries similar
to taose found in other collagen diseases have also been
seen. /17/ However, attemptas to identify myxovirus antigens
in tissus, or to isolate vi.us from blood, muscle, or skin of
patients have thus far been without reward, /18/

The meaning o these firdings therefore Js uncertain.
Virus-like particles, or inclusions, have also been seeu in
several patients with other myopathic disorders /19,20/ as well
as in patients with myositis accompanying herpes zoster. /21/

A word should be said about the association of myositis
with malignancy in older patients because in these patients it
is possibie to envision that the same foctor responsible for
tumor development is also in some way related to development
of myositis, Alternatively, the tumor itself may produce a
myctoxic factor or lead to "auto-immmune" processes which can
attack muscle. At present there is no evidence to support
these iideas, although in individual cases reappearance of
tumor cr development of second tumors assoclated with relapse
of mrositis strongly suggests & link in their etiologles.

The usual mode of therepy for affected patients has been
with corticosteroids, although statistical data on results are
dil{ficult ¢~ interpret, and ther» are no proapective controlled
{risls, Spontaneous remissions occur and steroid effective-
neus may be difficult to documeut. /22/ However, temporal
msuitsions may be strilkdngly releated to sterold therapy. For
vetients in vhom this approach has fa’led, or with other
zontraindications, antimetabolite o' immncsuppressive drugs
have been used. Good results have been reported in a few
patients treated with methotrexate /23/ and azathicprine. /24/

The initial response rate uf treated patients may approach
75 percent and regeneration - ¢ damaged muscle does occur in
this disorder. /25/
Sclrroderma

Muacle disease warked chieily by wasting and weakness may
be & promirent feature of this illnsss. Biochemical and histo-

logical signs of a primary myopathy were found in the majority
of 53 patients with progressive systemic sclerosis., /26/

Prosene Coneepts boi b N7 dulh 107

s S i b A e e R e TR Tk e

AT



PRI

546

R e e e,
mar v e arr e e g o - -
e e R W LD

Myopathy in the Collagen Diseases - Kagen

Typisally there was :mrked wealmess of proximel muscles
especially around the pectoral girdle, although wasting and
veakness were comuc.lr pxesent in other muscls groups. Serum
activity of creatins phosphokinase, lactic dehydrogenase and
glutamic oxalaoetic ‘ ~.nsaminase were generally normal, al-
though elevations of iastic dehydrogenase were encountercs at
timos. Tho average urinary croatine excretion was elevated,
but decm™ased in samc patients with tiwe suggesting loss of
munscle :mss. Ferivasoular fibrosis was the chief histological
findinv in muscle samples.

In addition there may bs other oategories of patients
vith more active inflammatory change in muscle in associztion
with scleroderma, These have been referred to under the temm
"gclsrodermatomyositis®. /27/ Nodular sones of interstitial
inflammation have also been seen in muscle. /28/

Rheumatoid Arthritis

The patient with rheusatoid arthritis may manifest muscle
weakness and losc of muscle volume. Muscle biopsy may reveal
nodular lymphooytic infiltrates of variable sise. This nodular
nyositis /29/ is commonly seen but is not specific for rheuma-
toid arthritis. /30/ In edditirn, an atrophic wasting of muscle
also ocours. Myopathic changes occur in both proximal and
diatal muscle groups. In some patients vasoulitis as well as
narve involvement may play a role in muscle fiber change. Histo-
logical changes in muscle occur in approximstely one-half of
patients with Siogren's syndrome. /31/

Polyartenus Nodosa

Although mmscle weakness ococura in this diseass, changes
in muscle are usually secondary to vasculitia. The most ocewon
bistologioal findings sre {iunflunmation adjacent to zonas of
necrotiszing arteritie. areas of muscle necrosis or hemorrhage
related to infarction, end atrophy associated with iachemic
neuritis. Muscle biopsy is frequently a useful means of diag-
nosis, particularly if the muscle sampled is tender or olin-
ically involwved. Slightly over one-third of patients in a
large series had positive musale bicpales. /32/
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Systemic Lupus Erythematosus

As ip patients with rheumatoid arthritis, fooal nodular
collections of inflammatory cells may be found in the connec-
tive tissus of muscle, often near blood vessels. In addition
"hydropic" vacuolation of small or large sections of muscle
fibers can be seen. /33/ Lesions of this type have also been
noted in patients with polymyositia. /5/ Although there are
patients with marked weakness, clinical signs of myopathy
generally are not prominent. In suee patients, however,
myoglobinemia as well as elevations of serum lactic dehydro-
genase, creatins phosphokinase and glutamic oxalacetic trans-
aminase are agsociated with muscle weakness in a situation
suggestive of acute poiymyositis.

Sarcord

Symptomatic myopathy rarely occurs. <Jlinical muscle in-
volvement was found in eleven of 800 patients reviewed. /34/
Asymptomatic muscle involvement, however, 1is considerably
more common, and epithelioid granulomas in muscle may be de-
tected oy biopsy in about 50 percent of patients with sarcold-
osis. These otherwise unsuspected findings seem especially
frequent early in the disease, and are a useful means of diag-
nosis, Among patients with clinically apparent myopathy,
palpable grenulomatous nodules may be present, or there may
be an scute myositis or chronic myopathy. In the latter
instance, typical noncaseating granulomata may be associated
with degeneration of muscle. Because of the paucity of
reported cases, the full clinical picture is not well known;
however, proximal muscles seem to be affected early, and
there may be spontaneous remissinns, Silverstein and
Siltzbach /34/ have reviewed the literature and found reports
of 21 patients with chronic sarcoid myopathy who were treated
with -orticosteroids. Twelve rad objlective improvement; nine
did not. In the absence of other effective agents, they
recommend treatment cof these patients with corticosteroids.

Sterord Myopathy
ddministration of steroid preparations mav recult in

myopathic chsnge in man and experimental animals. ‘ushing /36/
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described severe weakness in patients with hypersecretion of
sdrenocortical hormones and mzny reports have appeared subse-
quently of steroid-related muscle weaknesa. Weakness usvally
begins insidiously, is most marked in proximal muscles, par-
ticularly of the lower extremities and is associated with
muscle vasting. Reversal of this prooess oan occur. Electron
microscopic observation has revealed massive aggregates of
glyoogen in subsarcolemmal and intermyofibrillar sites /37/
2 well as enlarged and degenerated mitochondria. /38,39/

In experimental animals, the pathological prooess scems
divisible into an early phase marked by deposition of glycogen
deposits, and a late phase characterised chiefly by necrosis
of contractile elements, cellular infiltration, and phago-
oytosis, /40/ Mitochondrical change can be seen early in
this process. It has been suggested that type II muscle fibers
may be most vulnsrable to steroid myopathy /41/ but this needs
further study.

Distinction between steroid myopathy and a patient's
previous disease which necessitated therapy is one of the
most difficult and perplexing protlems to vhich unfortunately
thore still exists no simple solution.
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Time and agan it has been found that fresh blood serum has properties

which are no longer present when the serum has been left to stand at room
temperature for a day or two, or has been heated at 56°C for half an hour.

it has alrcady been mentioned that Bordet in 1898 first observed that rab-

bit antisera against sheep red cells, which when fresh would lyse the cells in
high dilution, lost their haemolytic power on ageing or on being heated. He
found, however, that the haemolytic actinity was completely restored by add-
ing fresh normal serum from several species of animal, but not by old or heat.
ed normal sera. This heat-labile activity present in normal serum was at the
time named ‘alexine’ but is now termed ‘complement’. Although complement
activity 1s commonly tested for and measured in the same system that Bordet
used, namely by its capacity to enable antiserum aganst sheep red cells (in
prachice antiscrum against the Forssman antigen in the red cell surfaces) 1o
cause haemolysis, there are many biologically important phenomena in immu-
nology in which the same or a similar complement activity 1s involved. These
include killing of bacteria by serum antibodies, opsonization, immune-adherance
and conglutination, lysis of normal or of tumour cells by antibody against anti-
gen on their surface, and the activation of serum by antigen- antibody complexes
to produce ‘anaphylatoxin’. 't would clearly help our understanding of these
phenomena if we knew what complement 1s and how it acts.
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From Humphrey JH, White RG: Immaunology for Students of Medicine, 2nd ed.
Philadelplua: F.A. Davis Company, 1964, page 104,
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5 JUVENILE RHEUMATOID ARTHRITIS
Jerry C. Jacobs, M.D.*

With an incidence of at least 1:25,000 children rheuma-
toid arthritis is one of the more common chronic disorders
of early childhood. The most frequent year of onset in
several series is between the firat and second birthdays;
more than half of the cases with onset in childhood start
before the sixth birthday. Awareness of' the frequency of
this condition in early childhood leads to recognition of
more cases, and avoids umnecessary and even harmful pro-
cedures.

A T UATNY

SIGNS AND SYMPTOMS

The onset is usually insidious, with swelling cf one
or more joints, sometimes without complaints and without
signs of systemic illness. Abuut 20 percent of patients
begin with swelling of a knee alone, Witlin a year most
. who vill develop polyarthritis have done so., From a pedi-
f atrician's viewpoint trauma and infection are the most

important diagnoses to think about in the 40 percent of

patients with monarticular onset and joint fluid may be

aspirated for examination and culture. Syncvial bicpsy

has not bsen useful when the tuberculin skin test was

negative and should be avoided as immobilization follow-
\ ing surgery may result in umusual deformity.

I

A few children have fever as the sole presenting mani-
festation. The diagnosis may be suspected but cannot be
made on this criteria alone although in this group the
fever tends to be intermittent with daily spikes as high
as 105-106 F and also daily recordings of 99 F. The
childrea usually do not look as i1l as youngsters with

* Assistant (linical Professor, Department of Pediatrics, Columbia University College of Physicians
and Surgeons and the Babies Hospital, Columbia-Presbyterian Medical Center, New York
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Juvenile Rheumatoid Arthritis - Jacobs

weeks of such high fever from other causes. Fortunately
scme of these youngesters develop a characteristic rash —
salmon pink in color and evanescent, with individual spots
coming and going almost as you watch. The rash tends to
com2 out with temperature elevations, and may overlie joints,
Occasionally it is pruritic. The experienced observer may
meke an earlier diagnosis by recognizing the exanthem,

Inflammation in the anterior chamber of the eye may be
visible as cells and protein accumulation seen on slit lamp
examination by an experienced ophthalmologist. Most rheuma-
toid children with uveitis do not have complaints or visible
signs until late, after irreparable damage to the eyes has
occurred. Therefore, slit lamp examination is part of the
diagnostic evaluation and is repeated at regular intervals,

Cervical spine pain may be en early or presenting mani-
festation but radiological evidence of arthritis is not seen
soon after onset,

Cccasional patients have pericarditis as a part of their
acute illness, and may have features of cardiac tamponade
and congest.ive heart failure, Rheumatoid arthritis is one of
the causes “f idiopathic pericarditis in children, and may
also occur without simultaneous clinical evidence of arthritis,
It differes from the pericarditis seen in acute rheumatic fever —

ir these patients there is no evidence of concomitant valwvular
disease,

lassical rheumatoid nodules are rare in children and are
almost invariably seen only in late severe cases. However,
small transient nolules overlying extensor finger tendons are
not uncommon, but are usually not seen early enough to aid a
prompt diagnosis. The author and others have seen children
referred for "rheumatoid nodules" wilhout any other sign of
disease., These children are usually brought to the doctor for
asymptomatic subcutaneous masses noted on the extensor surfaces
of the legs. Biopsy reveals pathology generally indistinguish-
able from a rheumatoid nodule, Such patients are not known tc
have ever developed any systemic disease and recognition of
this syndrome is necessary to avoid repeated biopsies or harm-
ful procedures and tre.tment., In one published case a child
was subjected to suricular myocardial biopsy in an extensive
search for evidence of rheumatic disease!
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Morning stiffness or "gelling" is common but may have to be
sought after by the physician as the parent may not be aware of
it. An older sibling occasionally reports that the affected
youngster crawls to the bathroom in the morning but is improved
by the time mother arises. Tenosynovitis may accompany the
arthritis and is occasionally mistaken for lymphangitis, As
time goes on flexion contractures become a gine gue non of the
disease.

DIFFERENTIAL DIAGNOSIS

In youngsters presenting with migrating polyarthritis,
rheumatic fever should be the admitting diagnosis, Rheumatoid

arthritis is a chronic disease with definite diagnosis, in the
absence of certain features already suggested, not possible un-
til several weeks of persistent arthrit.s has been present.
While patints may have brief, seif-limited attacks before
developing definite signs of disease, diagnostic accuracy is
usually not obtainable for several weeka., The arthritis of
rheumatic fever is generally gone by three weeks, provided re-
ourrent episodes are not produced by recurrent administration
and withdrawval of salicylates creating repeated "rebounds"
which may be confusing.

Differential diagnosis requires careful consideration of a
large number of other conditions, Systemic lupus, dermatomyo~
aitis, scleroderma and polyarteritis are always considered.
Same of the other commonly confused disorders are listed below:

Osteomyelitis or septic arthritis treated with
large doses of antibiotics for a brief period and
then presenting as chronic swelling and pain ir a
Joint., Pain in such patients may be out of propor-
tion to the visible signs of arthritis. Radiological
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evidence of osteomyelitis may not be seen for three

: nonths or more in such children., At the time of the
original sepsis the bune or joint complaint was not
noticed and a different diagnosis was made; the

: local sign disappeared at first and then more grad-

; ually recurred after treatment was w.‘“drawn.

Acute leukemia with bone pain and ju.at effusions, . {
: Bone marrow aspiration may be neceasary to meke the -
3 diagnosis, and if steroids have been administered

; a remission may have been induced,

; Ulcerative colitis and regional enteritis.

D arrhea may not be present or the history of diar-
4 rhea secreted or neglected. In children regional
anteritis may result in high fever, arthritis, and
growth fallure without diarrhid.

! Child abuse. Hitting the child across the fin-
gers with a ruler may produce finger swelling sug-
gestive of rheumatoid arthritis. While periostitis
may be seen with early juvenile rheumatoid arthritis
(JRA) flakes of bone broken off from the phalanges
are diagnostic of irauma and involvement of fingers
1 alone with persistent new bone formation 1s suspect.
History of brchacn tones in such children, or feared
baby sitters, .may be clues,

Serum sickness-like reactions to medjcines,
Hand-foot syndrome of sickle cell auemia.

Osteoid osteoma of the femur,

Gauchei''s disease,

Familial Mediterranean fever,

Gonorrhea with arthritis,

Reaction to rubella vaccine,

Hysteria., This can produce j.ing complaints with-

out objective signs of arthritis and characteristi-
cally with more disability in terms of school absence
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or withdrawal from activities than is generally
s+en in proven rheumatoid children with similar
complaints. Rarely a true rheumatoid adclescent
will use the disease in similar fashion,

Anaphylactoid purpura. This is usually accom-
panied by a distinctive rash.

Hemophilia and other coagulation defects.

Hypertrophic osteroarthropathy. This is famil-
ial or secondary to lung or liver diseases.

Phosphate diabetes,

A nmumber of other disorders may also be excluded
including Reiter's syndrome, sarcoidosis, gout,
agammaglobulinemia, Farber'!s disease, villanodular
synovitis, and mucopolysaccharoidosis.

LABORATORY STUDIES

Anemia and elevated erythrocyte sedimentation rates commonly
accompany severe disease, The anemia seems t- result primarily
from marrow inhibition and does not respond to irom, although
elements of shortened red blood cell survival and increased
gastrointestinal blood loss from medicines as well as iron and
folate deficiency from poor nutrition may be demonstrated. Al-
bumin is low in aick patients and gamma globulins high except
in isolated patients with specific defects in gamma globulin syn-
thesis. Rheumatoid factor is rarely present (10 percent) and
then usually in severely affected patients in whom a diagnosis
is easily established in its absence. The majcrity of children
referred to us because of rheumatoid factor do not have it on
our retest and their physicians have been misled so that the
correct diagnosis is not made, In those in whom we do find
rheumatoid factor only two-thirds have rheumatoid arthritis,

The early radiographic findings are joint effusions and
juxta-articular demineralization. In young children with a-
symnetrical involvement growth centers on the involved side be-
come more advanced after months of disease, and eventually thst
extremity or portion of it may be abnormally long. Signs of
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erosions and Joint destruction are late. Unmusual, and so
echaracteristic of JRA, are findings leading toward fusion at
the C, - C zygoapophyseal joints and at the temporomandi-
bular joints,

Overall skeletal growth, however, is retarded by prolonged
gevere disease resulting in short stature, This has been dem-
onstrated not to be due to growth hormone deficiency nor is it
respongive to exogenous growth hormone, and so it is presumably
a disease-induced cellular defect.

Diagnosis remains a clinical skill - always possible, if
possible at all, without laboratory or radiographic aids. How-
ever, these ancillary studies are needed to exclude many condi-
tions which may be mistaken for JRA.

The early literature tended to svggest a poor prognosis
since interested clinics accumulated the mosi severely affected
patients, It is generally accepted that about two-thirds of the
children make a complete recovery and heve no residual findings
on examination after an average of two years of disease. About
five percent of affected children die of either ccmplicatvions
of the disease or coxplications of therapy. These include amy-
loidosis, Addisonian crises with stress following steroid with-
drawal, overwhelming infections, rheumatoid cardiac nodules, and
idiosyncratic reactions to drugs. Another five percent become
severely handicapped, either limited to & bed-chair existence
or blind as a result of uveitis. The other 25 percent of chil-
dren include those with some residua of old but burnt-out
disease and those whose disease remains intermittently active
forever. On the whole, patients with severe systemic exmcer-
bations folilowed by complete remissions do better than those
with smouldering but continuously active disease.

TREATMENT

Most children respond well to aspirin given in doses of
100 mg /kg/% hours divided Letween GAM and 11PM if the chil-
dren do not have high spiking fever and at four-hour intervals
around the clock if they do. If the disease is adequately con~
trclled by this regimen and no signs of salicylism appear,
bioecd levels of salicylate are not obtained. If inadequate con-
trol is achieved after several weeks, blood levels ars obtained
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and desage increased to the mavimal tolerated amount. Waile we
aim for a salicylate level arcund 25 mg/100 cc we have children
completely controlled on less and others requiring and tolerat-
ing chronic levels as high as 48 mg/100 cc enough to be fatal
in some other chiidren., Parents and doctors must always be
alert to signs of salicylism including *achypnea (sometimes mis-
taken for "croup" in these children), vomiting (calleu "gastro-
enteritis"), and depression with withdrawal to bed (the psy-
chiatrist was called while additionsl aspirin was given to one
of our poisoned youngsters). Educated parents are the best ob-
servers, and it is the physician's responsibility to teach the
toxic signs at the time of prescribing the medicine., Medica-
tion is continued in our clinic until six months after all
signs and symptoms of disease have disuppeared.

The aim of treatment is to enable the child to lead a
normal or almost normal life, attending school regilarly in a
regular class, If aspirin alone does not achisve this goal
small doses of predniscne - 1.0 to 2.5 mg three times daily
may be added, starting at the lower dose. More recently some
of our more severe patients have received alternate day steroid
therapy with 10 to 15 mg of prednisone ever, second morning as
a s.ngle dose, plus their usual aspirin, with success.

In our own clinic we are not currently using gold or indo-
methacin because of fatalities which have occurred wher ir
patients received them elsewhere, We recognize that others
have better i'esults with these agents then cur statisti:s would
support.

This statement also applies to surgicsl treatment with early
synovectomy aimed at preventing joint deformity. Since two-
thirds of our patients get completely well, a large multi-insti-
tutional study would be needed to document the vaiue of such an
approach, To dat= no such study has been performed and on the
basis of the available evidence, we cann.t recommend this pro-
cedure for general use in children.

Physical therapy to a&void or minimize progressive flexion
contractures is helpful. The parents are taught the exercise
progrem by one physician who sees all our patients, The parents
conduct the program every dey at home, anda get reinforcement trom
our trerapists. ™ight splints for the wrists are sometimes help-
ful and lifts on the heels of shorter legs help yrevent contrac-
ture of the « vergrowing knee. later stappling may be needed at
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the knee to avoid valgus deformities and overgrown legs.

Circular plaster and bed rest in our experience ie harmful,
requiring vigorous therapy to recover the losses of streungth
and muscle atrophy. The worst deformities we see are in new
patients previously subjected to biopsy followed by circular
plester immobility.

Pericarditis, when present, is treated with large doses of
gsystemic steroids for a few weeks, until it subsides. Uveitis
is brought under control with steroid eys drops when possible.
If complete control is not achieved with lccal therapy systemic
steroids in moderately large doses are used for several weeks
to achieve complete control, followed by an alternate day sin-
gle dose regimen for maintenance so long as is necessary.

The most important factor in management is an optimistic
attitude of a well-informed pediatrician whose goals are to-
ward almost normal function of the child. Whenever a family
member has a chronic disease, patients and their families be-
come easily discouraged and, when depressed, maximize their
disability and function poorly in all areas, Attention should
be paid to how the child is doing in life situations, including
peer and family relationships, and school., If there are addition-
al handicaps besides arthritis an =ffort is made to be certain
they also receive a maximum rehabilitative effort, including psy-
chotherapy and, for teenagers, vocational guidance. While mana-
gement thus requires a team approach the pediatric-rheumatologist,
as coordinator of the team, has an opportunity to provide a kind
of cptimal comprehensive care.

Suggested reading references

Ansell, BM, Rywaters, EGL: Rheumatoid arthritis {stillts Discase),
Ped Clin N Amer10:921-939, 1 7

Rrewer, EJ,Jr: Juvenile rheu - 1d arthritis, Philadelphia:
Saunders and Company, 1970
Grokoest, AW, Synder, au, - sger, R: Javenile rheumatoid

arthritis. Boston: Little, :->wn and Company, 1962
Laaksonen, A: A prognostic .¢:. of juvenile rheumatoid arthritis,
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ANTINUCLEAR ANTIBODIES (ANA)

Naomi F. Rothfield, M.D.*

The presence of antibodies directed against nuclsi or
components of nuclei has been recognized for many years.
These antibodies have been found to react with whole muclei,
pative and denatured DNA, soluble extract of nucleoprotein,
histone, RNA and still other chemically undefined components
of muclei. Antinuclear antibodies (AFA) have been demonstrated
by the use of a variety of techniquer. These have included
complement fixation, precipitation with nuclear antigens in
! agar, agglutination of latex or bentonite particles coated
1 with DNA or nucleoprotein, ammoniua sulphate precipitation
of antibody with radiocactive labeiled DNA (Farr technique),
and the indirect fluorescent antibody technique. /1,2/ Each
of these methods has been used as a research tool. However,
the technique most widely uesed as a routine laboratory pro-
cedure is the indirect fluorescent antibody technigque. This
procedure detecta antibodies to all nuclear components and if
one is specifically interested in detocting the antibody to
native DNA, another method such as the Farr, complement iix-
ation, or precipitation must be used with native DNA as the
specific antigen.

Eadair i)

METHODS [ OR DETECTING ANA

The most sensitive technique for detection of antinuclear
antibodies is the indirect fluorescent antibody technique. In
this test, the patient's serum is allowed to incubate with a
source of nuclei. All unbound antibody is washed off the slide.
Then the slide is allowed to incubate with a fluorescein iso-
thiocyanate labelled anti-human gamma globulin. This fluores-
cont anti-human gamma globulin reacts with any previously bound

* Anacite Protessor Depart ent of Medical and Pediatnie Speaialties, Unizersity of Connecticut School of
Meduine
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gamma globulin from the patient's serum, When viewed under
ultraviolet light, the bound antibody has an apple green color.
A variety of muclear substrates has been employed. Since the
antinuclear antibodies are not species specific, they will
react with human tissue and with tissue from many aninmals as
well as with bacterial, protozoal and viral DNA. /1/ The most
commonly used substrates are mouse or rat liver and human
peripheral buffy coat, The mouse or ret tissue is immediately
frozen, sectioned on a cryostat and mounted on glass slides.

It is preferable to use these tissue sections rather than human
peripheral buffy coat because, as has been demonstrated,
occasional sera stain granulocyte nuclei but do not react with
tissus nuclei. /3/ This is particularly true of sera from
gome patients with rheumatoid arthritis. The data on the in-
direct fluorescent antibody test for ANA described below were
obtained using mouse liver as substrate.

The Farr technijus 1y alsu uceful in detection of anti-
vodies to DNA and seems to be more seneitive than complement
fixat}o; and much more sensitive than precipitation with
DNA. /2

ANA Use in Diagnosis

The indirect fluorescent antibody test is most valuable
in ruiing out the diagnosis of systemic lupus erythematosus
(SIE). This test is positive using the patient's undiluted
serun in all cases of clinically active SIE, The presence of
ANA continuea for prolonged periods after therapy although
occasionally a patient in prolonged remission may have a
negative ANA.

The indirect fluorescent antibody test for ANA should not
be regarded as a specific diagnostic test for SIE., /4/ A
positive ANA using undiluted sera is present in approximately
50 percent of patients with rheumatoid arthritis, 33 percent
of patients with chronic discoid lupus erythematosus, 75 per-
cent of patlents with progressive systemlc sclerosls, ome
quarter of patients with dermatomyositis and periarteritis
nodosa, The test 1s usually positive in patients with chronic
active hepatitias., In paifents with juvenile rheumacoil arthri-
tis, ANA is present in 73 ;~rcent of patients,
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In addition to the above diseasss, positive ANA may be
present in asymptomatic putients receiving Pronestyl or
isoniazid. /5,6/

CLINICAL SIGNIFICANCE OF ANTINUCLEAR ANTIBODIES

In Systemic Lupus Erythematosus

In acutely~ill patients with SIE, the pattern of nuclear
fluoresoence seen with the patient!s undiluted serm 1s
usually peripheral. /7/ The fluorescence is located on the
rin or periphery of the nucleus with absence of fluocrescence
in the ocenter. This pattern is dus to antibodies directed
against native DNA or againast the DNA of the DNA-hiastone com-
plex. /8/ Sera giving such a pattern possess complement-fix-
ing antibodies to uative DNA, bind more than 40 peroent of
radiocactive DNA in the Farr technique and may al.o possess
precipitatiung antibcdies to native DNA., The titer of ANA in
the indirect fluorescent antibody test is usually greater
than 1:64 and may be as high as 1:1024 or greater.

As the patient is treated with corticosteroidas and the
clinical manifestations of the disease becomes suppressed,
the pattern of nuclear fluorescence becomes diffuse. At this
time, complement-fixing anti-DNA antibodies are no longer
demonstrable. The binding of radloactive DNA using the Farr
technique falls., In addition, the titer of ANA using the in-
direct fluorescent antibody technique gradually falls.

If an exacerbation of the disease occurs, the titer of
ANA usually rises and the pattern may become peripheral,

In Rheumatoid Arthnitis

The pattern of nuclear fluorescence in undiluted sers
from . lents with rheumatold arthritis 1s usually diffuse.
The ti.er is most frequently less than 1:16 but in some patients
may range up to 1:512, Antibodies to native DNA are not present.
The patients with positive ANA ucually are those whose disease
is most severe.
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in Chronic Discoid Lupus Erythematosus

The pattern of nuclear fluorescence is either diffuse or
may consiat of fine discrete speckles throughout the nucleus.
The titer is usually less than 1:16, These sera do not contain
anti-DNA antibodies.

In Progressive Systemic Sclerosis

The pattern of nuclear fluorescence may be either diffuse
or, more comsonly, elther fine or large speckles or mucleolar,
Titers in this disease are in the same range as in SIE. How-
ever, in progressive systemic sclerosis, there is no correction
between presence of ANA, type of pattern, or titer and the
clinical activity of tho disease. Similarly, there is no
correlation between disease duration, system involved, or
therapy and prasence, titer or pattern of ANA. Sera frou
1 patients with progreasive systemic sclerosis do not contain
é antibodies to DA,

In Juvenile Rheumatoid Arthritts

Seventy-~-three percent of these patients have ANA using

undiluted sera. The pattern i3 diffuse. Forty percent of
patients have titers of greater than 1:16., T.ese sera do not
contain antibodies to DNA,

In Drug Induced ANA

Twenty percent of patients receiving isoniazid for tuber-
culosis have developed ANA from one to six months after the
onset of therapy. /0/ These patients ha® no clinical evidence
of SIE, Fifty percent of patients receiving Pronestyl
developed antinuclear antibodles two to wighteen months after
onset of therapy. /5/ In addition, symptoms of SLE developed
in one-quarter of those developing ANA. In patients with
clinical evidence of SIE after taking procainamide, a periph-
eral pattern may be present and high titers of ANA demonstreted,
Antinuclear antioodias have also been found to be induced by
oral contraceptives. /12/
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INCIDENCE OF ANA IN THE NORMAL POPULATION

The incidence of ANA in the normal population is approx-
imately two to four percent. Howewsr, in the aged population
(60 years or older) the incidence of ANA has been reported to
be 16 percent. /13/ These antibodies were found to be of the
IgM and Igd classes in contrast to antibodies in SLE patients
which are of IgG class in addition to IgM and IgA.
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CLINICAL ASPECTS OF SJOGREN'S SYNDROME
Graham R. V. Hughes, M.B., B.S. (London) M.R.C.P.*

Sjberen's Syndrome, first clearly described in 1933, has
assumed increasing importance in the field of arthritis during
the past decade, largely following the clinical and pathological
descriptions by the late Bunim and his associates in Bethesda./1,2/
While the major features of Sjbgren's Syndrome (SS) are well known,
a considerable smount remains to be defined more clearly. 1In
particular, the prevalence of the disease, true incidence of the
association with rheumatoid arthritis (RA) (how many clinics
routinely perform a Schirmer's test on all their RA patients, for
instance?) and the relationship of S to the visceral complications
of rheumatoid arthritis are all uncertain.

CLINICAL FEATURES

The full triad of SS consists of keratoconjunctivitis sicca
(xerophthalmia - dry eyes), (xerostomia - dry mouth), and a con-
nective tissue disorder (usually, but not exclusively, rheumatoid
arthritis). ‘he term "sicca syndrome" is reserved for cases in
whom only the first two features are present.

Xerophthalmia

In most cases of S5, the diagnosis is simple. The commnonest
complaint in our experience has been "grittiness" or irritation of
the eyes. The pauci.y of lacrimal secretion leads to corneal
gcarring and, someiimes, to corneal ulceration, vascularization
and even perforation. The superficial asbrasions can often be seen
by shining a light from one side acrnss the surface of the cornea,
Schirmer's test, the Rose Bengal test and slit lamp examination
are usually abnormal as well.

*Staff, Department of Medicine, Royal Postgraduate Medical School, London
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Xerostomia

The dryness of the mouth may be sufficiently mild to pass
unnoticed. There may be an unpleasant taste or dry throat.
The patient may continually sip fluid, and a state resembling
diabetes insipidus has been reported in this condition. Dental
caries is widespread, and early. The healthy mouth normally
contains a pool of saliva in the sublingual vestibule. This
pool is often noticeably absent in §S.

Parotid enlargemeat occurs in approximately half the cases./3,
Rarely the submandibular and even the lacrimal glands may be
obviously enlarged. Cne feature of SS is the sudden onset of sicca
syndrome in some cases, sometimes with marked parotid enlargement.
A history of "mumps" leading to the sicca syndrome is not infre-
quently obtained in patients with rheumatoid arthritis.

Connective Tissue Disorder

Rheumatoid arthritis is by far the most common third member
of the triad, although systemic sclerosis, polyarteritis nodosa,and
sysiemic lupus erytheratzsus (SLE) are well described. In the
latter disease, it has been suggested that SS correlates with the
nonerosive but deforming 'Jaccoud's' arthritis sometimes seen in
SLE (Dubois, European Rheumatology Meeting, Brighton, 1971).

The RA is usually seropositive, nodular and moderately
severe. Figures vary on the incidence of sicca syndrome in KA.
Current opinion favors an incidence of 10 - 20 perceut./U/ In
our own experience with labial gland biopsy histological changes
of SS were seen in 4O percent of patients with rheumatoid
arthritis.* Using slit lamp examination following rose bengal
staining, Lenoch and his colleagues /5/ found keratoconjunctivitis
in no less than 58.4 percent of patients with RA. Clearly the
incidence of SS in any series Jepends on the diagnostic methods
used.

*Hughes GRV, Duckworth R, O'Riordan B: Unpublished observations.
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Clinical Aspects of Sjogren's Syndrome - Hughes
PATHOLOGY

The salivary glands are infiltrated with lymphocytes and
plasma cells, sometimes amounting to almost total diffuse
replacenent of the gland., True lymphoid follicles may be seen.
The duct epithelium is hyperplastic and the acini atrophic.

In a survey of 500 necropsies, moderate or severe grades of
focal lymphocytic adenitis were present in 23 percent of females
and nine percent of males., The more severe grades were concen=-
trated in the age groups 35-64 in females, and as expected a
highly significant association with RA was observed. In
addition a moderate correlation with focal thyroiditis was
found./6/

COMPLICATIONS AND ASSOCIATED CONDITIONS

Features of SS reported in the literature include alopecia,
photophobia, intermittent pleurisy, peripheral neuropathy,
bruising and generalized pruritus. While some of these features
can readily be explained by the sicca syndrome, it is important
to remember the ramifications of Sjlgren's syndrome with other
connective tissue disorders. For this reason 'complications'
and 'associated disorders' are discussed together.

Parotiuis

Superinfection, most frequently with Staphylococcus aureus,
accounts for some cases of sudden enlargement of these glands in
8s.

Respiratory Tract

The sicca syndrome extends down the tracheobronchial tree
end hoarseness, recurrent laryngitis in RA are more likely to be
due to this condition than to cricoarytenoid arthritis. 1In
addition, recurrent pulmonary infections and atelectases are
well-recognized, The relationship of the sicca syndrome to the
more widespread pulmonary fibrosis of RA has not been studied.

Present Concepits, Vol IV No 7, July 197]
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Gastrointestinal Tract

)

! While the pancreas may show the same histological changes
; as the salivary glands, acute and chronic pancreatis are rare.
i Gastric hyposecretion, as well as oesophageal dysphagia, is
seen in SS /7/ as is achlorhydria.

Genitourinary System

Vaginitis sicca is occasionally troublesome and, while
rarely volunteered as a symptom may be the first manifestation
of SS. The kidney may be involved by SS, although at present
[ little adequate documentation of this is available. A persistent
renal defect in concentrating ability, first reported by Kahn et
al /8/ may occur, a defect not reversible by vasopressen, Other
tubular defects such as diffuse aminoacidurir are occasionally
seen, although the degree to which hyperglctlinemia contributes
; to such defects remains to be clarified. In renal biopsies on
1 eight patients with SS, renal lesions consistent with interstitial
nephritis were present in six of the patients./9/ Comparable RA
patients were not used as controls.

Reticulo-endothelial System

Leukopenia and splenomegaly are found more freguently in

G rheumatoid arthritis patients with sicca syndrome than in those
: without./4/ In 1964 Talal and Bunim /10/ reported the develop-
ment of extrasalivary reticulum cell sarcoma (RES) in three of
58 patients with SS. The association of SS (and especially of
patients with sicca syndrome alone)} with neoplasms of the RES
is now established, and provides an important link hetween
connective tissue disorders and the reticuloses./11/

Others

A variety cf other clinical features have been reported in
association with SS, as discussed in the introduction. These
include macroglobulinemia, vasculitis, Raynaud's syndrome /12/,
non-thrombocytopaenic purpura, undue sensitivity to drugs /2/,
peripheral neuropathy and myopathy./13/ The true incidence and
importance of these features remains to te elucidated.
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INVESTIGATIONS

Schirmer’s Test

This simple test should be a standard procedure in all
rheumatic disease patients. Its beauty lies in the "all or

nothing" result usually obtained. A strip of blotting paper
5 x 35 mn (standard sterile Schirmer test papers are available)
is hooked over the medial aspect of the lower eyelid and left
for five minutes. In the normal eye, the irritation generally

leads to soaking of the whole length of the paper. Less than
15 mm is considered sbnormal.

Rose Bengal Staining

A drop of rose bengal or fluorescein dye is placed in the
eye. This renders superficial scarring more easily visible.
Ideally slit-lamp examination is then performed. While this is

the most sensitive test for corneal scarring, its very sensitivity
makes it less than specific for SS.

Labial Gland Biopsy

With the discovery that the pathological features of
SjYgren's are mirrored in the small accessory salivary glands of
the lower lip, labial gland biopsy became & useful diagnostic
tool in SS./1L/ These glands can often be felt as small pinhead
sized lumps inside the lower 1lip, Under local anaesthetic, a
small incision is made and the gland removed. 1In our own clinic,
all SS patients blopsied have shown the histological changes
described above, although up to 4O percent of our patients with
RA have shown some degree of lymphold infiltration,

Siglography

In SS, the ducts may show dilatation or sialectasis./l15/
While claims have been made for the diegnostic specificty of the
method, it has not achieved routine use in the diagnosis of SS.

99 Technetium *7c) Scanning
99’1‘0 is selectively concentrated and excreted by the
salivary clands. Autoggdiogruphy scanning methods have shown
the principal site of 77Tc transport (as well as of iodide) in
the majo; salivary glands to be the epithelium of the intralobular
ducts. -“’Tc¢ scanning, while simple, has yet to prove its usefulness.
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Other Tests

Sczium hyperglobulinemia is frequent, and hyperviscosity
syndrome may occur. Rheumatoid factors are generally present
in some 75 percent of both SS and of sicca syndrome alone./3,12/
Positive LE cell tests and antinuclear factors are frequent,
HRowever, antibodies to DNA are not found in SS unless associated
with SLE. The development of an immunoassay to measure these
antibodies may help to clarify the diagnostic overlap between
SLE and S8./16/

TREATMENT

Methylcellulose eye drops (1.0 percent) provide the most
satisfactory symptomatic relief (and possibly protection) from
xerophthalmia., Fowever, a sizeable group of patients appear to
obtain no relief from this therapy. The possibility of a super-
infective conjunctivitis should be borne in mind if the symptoms
become suddenly wvorse,

For the dry mouth, there is nc universally acceptable
sialogogue, although pure lemon juice is popular.

The treatment of the arthritis is not altered by the presence
of 5j8gren's, If the observation that these patients are more
prone to drug hypersensitivity reactions is borne out, then caution
will be needed, particularly in the use of phenylbutazone and gold.

COMMENT

This short review has conccentrated on the clinical features
of Sj8gren’'s syndr-~~. It is emphasized that this is a condition
as yet incomplete.y defined an. far from fully recognhized. Only
with better appreciation of tne true freguency of {he condition,
will its relationship to other disorders and to malignant lymphoma
formalion be appreciated.
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PSEUDOGOUT*
Michael D. Lockshin, M.D.t

] seudogout (calcium pyrophosphate dihydrate crystal
deposition disease), is a common recurrent arthritis rhose
unique radiologic and laboratory characteristics wmake it,
when considered in differential diagnosis, one of the most
easily identifiable arthriditcs. as a form of erystal syno-
vitis it is a model for a mechanism of inflammatory joint
disease, “his paper bricfly outlines the clinicel and labora-
tory ‘characteristics of this disease and reviews present con-
cepts of the pathogenesia of ~rystal synovitis.,

Clinical Characteristics. Epidemiology and Incidence.

dost commonly this diseacrs is ceen in the middle-aged to
ellerly of Loth sexec, men sli;htly more than women, whites
e1i;htly mora than blacks, Tn large serier, the avecage age
ol ratirnts is 72 years, the usual range "0-100 years, tut
pati-nts 20 years old have been reporteds although nost
cages are cporadic, strong fanilial instances of the discace
have been known,

ihe exact inclidence of ~linical attacks of pseudogout is
unknown; radiologie findings cha-acteristi~ of the dircaze are
found in seven percent of elderly persons, Tlatients with
hype-pa ‘athyrecidisn, hemach anatosis, diabrtes, Liype tension,
u-eada, and urate (true) gout are prone to have con:omitent
poeulogout,  .ome measu-cc of the gen..al © ~rueny -7
T il gt s aviadlable io they So12ovin ~isticti~: ovae the
pest yeat; two percent of corcultaticn rouests Lo the
Jheunatic visecasa ervice of the llospital lfer Special “urg- s
have Leen for pseudodout, compaced to four parcent oo urat-
gout,

*From the Departments of Rheumatic ™ 1ss, The Hospital for Special Surgery. Philip D. Wilson
Research Foundation affiliated with ! :w York Hospital, Cornell University of Medical College

t Asustant Professos of Medicine, Dopastment of Medicine, Comcell University Medical College,
New York, N.Y. 1121
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Hagnosis

she clinical course and radiographs may suggent the
Giagnosis, tut synovial fluid analysis; which must'dewon-
steate o yotals, is necessary to confirm the diagnosic,

Pathogenesis

.lthoush the crystals consist of calcium pyrophosphate
divydrate (FFD), expressed as aFpOy @ 2100, serum and uvine
‘{rorganic pyrophosphate levels are normal. . ynovial fluid
levels are nigh, 1he mechanism of precipitation ol cyetals
within the synovial [luid space is unknown; but low levels
sf eymovial [luid alkaline phosphatase “have:been:suggested
as & contributing factor. Once in the synovial fluid as
erystal, PPU probably activates Hageman factor and the
kinir and complemont system, :eleasing chemotactic comple-
went somponents which attract s, .. TheJlls ingest the -
cryatals, hagocytic release of chemotactis lysosonal “
engymes presunably increases chemotactic activity of the
symovial fluid, attracting mors 1idlis, eompleting the cy:le
of nfluwation and leading to a clinical attack of
artheitis., willeronces between clinical eplscdes of gout
an! psrudngout may relate to lover chemotactic activity and
1 are. {intrasellulas) membranolytic avtivity ol .PED
soystals compared to vrate crystals.

Therapy

capeutic olfnite ave almed at halting the local
¢y le of inflammation, In some cases aspiration of the
involved joint is aderuate to provids relief. lore often
additional anti-inflarmatory therapy is indicated.. .iost
comnonly used egimens are phenylbutazone (805 mg for one
day, 500 mg for two days, and 00 mg fo» the next one to
thrae daysy, intra-a-ticulai corticosteroid, oi indomethacin
{?N-'07 mg par Jday}. olchizine is not .outinely slle-tlv..
‘tth proper managenent an attack can he aborted within o day
© tw., . unlike wrate gomt, pocudogout Lot nouaivesudd -
. gatzed prophylamic cgainet oo renl adbosiin, S

i

3 O
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Clinical Course

uhree types of attacks are recognized: acute (the most
condon,, sutacute, and chronic, .cute attacks are generally
monoarticular; chronic tend to bLe polyarticular., ‘lhe onset
of an acute attack is moderately abrupt, onset tc peak pain
of 12-36 hours, compared to 4=18 hours for urate gout. an
attack frequently occurs a few days following hospitalization
for an acute medical illness such as myocardial infarction or
pneumonia, luration of an untreated acute attack is a few
days to a few weeks, but the chronic form can be disabling
Jor months to years,

ihe most frequently involved joints are the knees,
followed in order by the hands, ankles, feet, shoulde“s, and
hips., iodagra is rare. Fevar up te 103 7 is seen, 4he
Joints are seldom as intenscly inflammed as they are in urate
g ut; pecling skin as the attack subsides is unusual.,

Laboratory . « g

the white blood cell count (WB':) is normal to moderately
elevated and the erythrocyte sedimentation rate moderately
elevated, Blood chemistry may reveal a concomitant hypergly-
cemia, hyperuricemia »r hypercalcemia when associated diseases
are present, .ynovial fluid analysis reveals a cloudy fluid
with good mucin clot; synovial UB. counts are 1000 to
§C,000 cu mm, with a predominance of polymocphonuclear leuko-
cytes (I.fls), Polarized light microscopy demonstratc- sho °t,
rhomboid crystals both inirz and extracellula:ly. The
crystals are weakly positively birefringent and a.e thus dis-
tinguishable from the usually needle-shaped negatively bire-
f-ingent urate crystals, which are also found in ten percent
of cases of pseudogout. (.are must be taken not to ccniuse
AT ¢rystals with calcium oxalate crystals when this sub-
stance has been used as an anticoagilant.,)

Radiograjuic studies srow linear cal~ification in hyaline
cu~tilage about the knees, virists, pubis, hips, shouldecs, and
other joints, and in the kn-e menisci. ..creleraved degener-
ativ: changes may be seen a. well,
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CRYOPATHIES
MA) James K. Chier, MC

The purpose of this paper is to present information that
is nov available, particularly from an immunologic and rheu-
matologlic prospective, on oirculating "ocold precipitable”
proteins, Initial emphasis will be placed on general infor-
mation, with specific consideration being given later to each
topic as warranted by its importance in clinical medicine.

Historical Prospective

It was not until 1947 that Lerner and Watson /1/ summa-
rized the world's extant literature on "protein that precip-
itated spontaneously from cooled serum"., They suggested that
the term "oryoglobulin" be used to describe this unique prop-
erty, and added “heir case to the nine others already in
existence. Proper homage was paid to Wintrobe and Buell /2/
for their initial description of a "cryoglobulin" in a patient
with far advanced multiple myeloma. The authore' insight in
describing this protein abnormality did not extend into properly
defining its nature, By several laboratory determinations
(solubjlity, ultraviolet spectrophotometry, nitrogen content)
they thought these proteins resembled globulinc, but con-
sideration of molecular weight and vigcosity seemed tc make
it unlikely. The authors believed these proteins were manu-
factured in the liver, despite the evidence that five of the
original nine patients mentioned in the world's literature up
to that time had multiple myeloma, a known plasma cell malig-
nancy even then, Final clarification ~f the nature and source
of these cryoglobulins was to be accomplished in succeeding
years by other investigators. /3,4/

In 1957 mith and Von Korff /5/ reported on a cold induced
"heparin preciplitable fraction" of human plasma and tried to
relate the presence of this protein to several disease statss.
Initial invastigation proved this "fraction" to be in large
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measgurs a fibrinogen liks polymer and bacause of its cold
requirement for production, wes called a "cryofibrinogen”,

By 1943, Wasserman and State /6/ had mwmarized a muber
of diseases that had as a concomitant abnormality the presence
of an antibody that agglutinated a wide variety of homologous
and heterologous aerythrocytes at 0 to 5C. The term "cold
agglutinin® was used to describe this protein.

Minally in the pre-antibiotic era when syphilis and its
oamplications provided enough case material for a complete
subspecialty practice, from 10 to 15 percent of patients with
"syphilitic infections of some chronicity" developed a cold
induoced syndrome characterized by Raynaud's phenomenon,
abdominal cramps, fever, bronchial asthma, hemoglobinuria,
tachycardia, snemia, and hypotension. /7/ As the basic under-
lying abnormality seemed to be an erythrocyte antibody whose
expression was temperature-dependent, the term "cold hemolysin
syndrome" was introduoced.

F'our temperature-dependent protein abnomalities were
thus defined three were globulins, the fourth a fibrin-like
precursor. All had the inherent ability to cause Raynaud's
nhenomenon, or asmcyanosis, and in some instances both.

The rather frequsnt finding »f these particular entities
in rheumatology make it imperative that the differential
diagnosis be immed’ately accessible,

CRYCGLOBULINS (Cryoglobulineinia)

Cryoglobulinemia is often but not invariably associated
with a cold-induced clinical syndrome that manifestas itself
vith a variety of signs and symptoms., TABIE I,

While the greateat number of reported cases of cryu..
globulinemia are secondary to either multiple myeloma or
macroglobulinemia, the association of cryoglobulin with a
growving number of disease states exlsts., TABIE II, Essential
cryoglobulinemia is a diagnosls only infrequently made and can
be considered only after all secondary forms have been oxcluded.
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TABLE
SIGNS AND SYMPTOMS OF CRYOGLOBULINEMIA

Cyanosis Usticaria /10/ Gangrene /12/

Numbness /8/ Purpura j11/ Vasculitis /14/

Raynaud's /9/ Vasculaz occlusion /12/  Glomerulonephritis /14/
TABLE i

DISORDERS !N WHICH CRYOGLOBULINS HAVE BEEN REPORTED /15/

Myzloma and macroglobulinemia Hemolytic anemn

Chioric lymphatic ienkemia and S1bacute bacter’ i} endocarditis
lymphoma Leprosy

Poiyrteritis nodosa Syphilis

Cirrhosls Infectious mononucleosis

Reticuloss: Cytomegalovirus mononucieosis

Sascordonis Acute glomerulonephritis

Systemic lupus oty themstosus “Essential” cryoglobulinctais

Rhcumatowd arthntis Kals-A zax

Ankylosing spondylits Polycythemia rutira vera

Siugren’s syndrome

The detection of cryoglobulin is straip’ “forward. Freshly
drawvn blood is alloved to clot at 37C followi' g which the serum
is separated and placed in a 0-4C environment [or 24 to 48
hours. The amount of oryoglobulin can be qualitatively graded
as 1+ (minimal) to 4+ (maximal) or quantitatively measured by
optical density readings following suspanaion ip wip saline,

Because ths phenomenon of cryoprecipitability depends on
no special reagents, the abnormsl piotein is discovered fre-
quently by a laboratory technician who happens to leave a
serum sample in a refrigerator overnight. Altermatiwvely, the
first indication of the presence of a cryoprotein may ve murked
difficulty in drawin; a patient's blood with a syringe at room
temperature or markesd rouleau noted on & peripheral blocd amear.

The develomment within the pasi three decades of extremely
sophisticatad laboratory procedures (immune protein electro-
phoresis, immune diffusion, immunofluorescence, ultra centri-
fugation) has resulted in detajled investigation of cryoglobulins.
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oryoglobulins are v globulins of the IgG, IgM, "mixed"
IgG-1gM /13/ or 1gG-IgA /16/ classes. Molecular weights range
from 60,000 to greater than 1,000,000, Svedburg ultracen-
trifuge density coefficients range from 3.55 /17/ to 193.

Normally macrogloouline (19S) that combine with 75 glob-
uwlins (i.e., macroglobulins with "rhev~atoid factor" activity)
produce a 225 peak on ultracentrifugation. In cases of "mixed
cryoglobulinemia" (19S globulins that complex with 7S globulins
to form a cryoglobulin) however, this 225 peak does not occur,
The IgM-IgG complex separates into 19S and 7S peaks respectively.
Intereatingly, if the 195 and 7S peaks found in the mixed cryo-
globulins are analyzed independent of one another, frequently
neither fraction alone may have the ability to cryoprecipate
and only upon recombination will the precipitate form, /13/

The explanation for this observation is presently lacking.

Recently Stastney and Ziff /18/ studied a group of patients
with systemic lupus erythematosus (SIE) who had demonstrated
elevated cryoglobulins in their sera. Several of the patient's
sera, when subjerted to ultracentrifugation, demonstrated an
11S peak in sddition tc the expected 7S and 19S peaks. This
115 peak thus far had been characterized as the first protein
fragment in the first component of complement (Clq). Of the
patients with demonstr.ted cryoglobulins (11 of 3%), 10 of the
11 (91 parcent) had decrvased levels of the third component of
complement (C3), whereas in <5 SIE patients without demonstrable
cryoglobulins only three (1> mevcent) had decreased C3 levels.
(23 presently is the most cormonly measured fraction in studies
of complement utilization).

Meltzer and Franklin /13/ studied 11 patients with "mixed
cryoglobulineria®, Three of their patients died of acute
renal fajlure., At postrorter these patients had histologic
evidence of diffuse proliferative glomerulonephritis. Prior
to their demise these sane patients were noted to have low or
absent levels of complement, Irrumonflucrescent studies dons
cn thew kidneys demonstrated the presence of U3 within the
glomsrular tufts,

These two divergent lines of investiration have both
pointed to the impressive interrelationship of cryoglebulins
and complement, It is within reason to speculate that the
IgG-Igt "mixed" cryoglobulin in lleltzer's three natients dying
of diffuse glomerulonephritis circulated as . "ilmmune complex™
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that had the ability to activate the complement system (in a
mannar analogous to the "immune complex" of lupus glomerylo-
nephritis recently reviewed by Christian /19/), Why the re-
maining eight survivors did not dewvelip renal dysfunction,
hewever remains obscure.

While extremely important potentially, the findings of
Stastney and Ziff /18/ demand independent verification and,
more pointedly, explsnation, Most assuredly not all lupus
patients with decres4ed serum complement levels have elevated
eryoglobulins, but the finding of cryoglobulins in a patient
with SIE may be an early indicator of pending complement
utilization and hence an acoeptable criteria fo.' early treat-
ment. Christian /20/ noted that all (12 of 12) SIE patients
with cryoglobulins, had "signs of active SIE",

Meltzer and Franklin /13/ studied the stability of the
cryogiobulin mole~ule in their 196€ paper. The cryoglobulins
retaired their cryoprecipitability after being heated at 56C
for 3C minutes (thereby demonstrating the funotion of cryo-
precipitability to be independent of complement utilization).
They reprecipitated greater than 50 times without loss of
activity following redissolution at 37C, and finally seemed
not to lose their precipitebility following storage at OC for
greater than four years.

The mechanism underlying cryoprecipitation is presently
unlmown, Cryoglobulins have thus far proved to be structurally
indistinguishible from "normal" circulating immunoglobulins,
Furthermore, it is unknown by what precise means cryoglobuiins
exert their symptomatology. Although the cryoglobulin concen-
tration is a major factor in predicting the presence of aymptoms,
it does not seem to b~ the main factor. Many patients with
eryoglobulin levels as high as 1.5 to 1.8 gn/100 cc are asymp-
tomatic whereas others with as little as 0.1 to 0.6 gm/100 cc
do bave symptoms directly attributable to the cryoprotein., /13/

If the cryoglobulin concentration should exceed 2.0
@/100 cc /13/ then symptoms do almest invariably occeur, but

it becomes impossibl. to separate symptoms due to hyperviscosity
from those of cryoglobulinemia.

Present Concepts, Vol 1V No 7, July 1971
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CRYOFIBRINOGEN

Heparinised piasme taken from healthy individuals will
develop when cooled at AC for 18 hours up to 0.27 gm/100 cc
of a gelatinous, flocculent material, /5/ Amounts greater
than this have been shown to be associated with a mmber of
dissase states., TABIE III.

TABLE 111
CONDITIONS ASSOCIATED WITH CRYOFIBRINOGEN /21/

Acute rheumatic fever
Rheumatoid arthritis
Bacterial infection
Neoplastic disease
Uveitis
Pregnancy
Idiopathic

Investigational data have defined this material as a
"fibrinogen 1ike® polymer loossly associated with heparin., The
material has a similar electrophoretic mobility as fibrinogen,
sinilar sedimentation characteristics, is clottable, and is
not found in serum. It has been shown that several other pro-
teins are present bui their exact nature is presently undefined.

The initial enthusiasm generated by the discovery of this
precipitate has not been sustained when it has been shown that
there is no correlation between circulating cryofibrinogen,
regardless of its concentration, and specific symptomatology.
In two patients with the malignant form of systemic lupus
erythematosus and periarteritis /21/ cr,ofibrinogen levels
were found to be below the predicted range in spite of high
fevers, extremely high sedimentation retes, and elewvated "C"
reactive protein, The observation of widespread vascular
fibrinoid lesions at poetmortem examination in these two cases
lsad to the hypothesis that the low cryofibrinogen level was
L s manilestation of its supra-ncrmal consumption. The lack of

reproducibllity, howsver, in similar diseases with widespread
fibrinoid lesions {(and conversely its erxtremely high concen-
tration in diseases where no immunologie, histologic or
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.vasculitic process could ve defined) has tended to minimige

the importance of this findirs. /22/

The general concensus now is that cryofibrinogen is no
more sensitive or informative than otber "acute phase" indi-
catora (e.g., erythrocyte sedimentation rate, "C" reactive
protein) and in many cases is actually less sensitive., A
case report /22/ describing a patient with a pulmonary malig-
nancy, multiple thromboses, and an elevated cryofibrinogen
level is available, but when ore reads this report he finds
no evidence that the cryofibrincgen was causally related to
the thromboses., Cryofibrinogen muat, at present time, be
considered investigative and further studies will have to be
completed besfore its true importance can be established.

COLD AGGLUTININ SYNDROME

Of the patlents who will be seen medically for symptoms
and signs consistent with Raynaud's and acrocyanosis, the
majority will prove to be the idiopathic (Raynaud's disease)
or an early manifestation of an evolving collagen disease.

There are, howeve., a small mmber of cases wvhose symptoms
can be traced to the presence of an abnormal 19S circulating
macroglobulin which has the ability to agglutinate erythrouytes
in a suitable environment. /23/

This cold agglutinin can be found in normal individuals
with a titer range from 1:2 to 1:128. /24/ Transient acute
titer elevations are seen in viral infections, mycoplasma
infections, mononucleosis, bronchiectasis and many influenza
like diseases., Generally high sustainsd titers can be seen
in "lymphoproliferative" disorders. /25/

There remains a group, geviierally elderly pecple, who
present with the triad of acrocyancsis (resembling Raymaud's),
hemolytic anemia, and hemoglobinuria. It is not unusual to
find cold agglutinin titers of 1:1,000,000 and above in these
patients, /26/ Titers of this magnitude can result in massive
henolysis, peripheral thrombosis, and are potentially fatal.

It has been shown that the temperature at which cold
egglutinins become clinically manifest is a dirwct function of
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its titer. Symptoms and signs arising from acute and subacute
titer elevationa will rarely occur if the patient is not expcsed
to temperature below 20C, Idiopathic cold agglutinin disease,
however, with the extremely high titers mentioned above can
cause srythrocyte agglutination and hemelysis at temperatures
as high as 30-33C, the norral temperature of the skin. /27/
It 1s in this group that spontanecous necrosis of fingertips,
fingers, ears, toes, and feet have been described. /z8/
Whereas the agzlutinating property of this immune globulin is
independent of complement, the hemolytic potentizl is not
realized without complement utilisation.* /29/

Digital pain, which is almoat a universal occurrence in
all but the earliest forms of Raynaud's, is absent in the
acrocyanosis casused by oold agglutinins., The reason ¢-. this
is not understood.

There 18 one office procedure which may immediately direct
your attention to the possibility of cold agglutinins in tha
patient with cyanotic hands bave him immerse just one
finger in a wvam water sink, The patlent suffering from cold
aggzlutinin syndrome will show a rapid resolutio. of the cya-
nosis in that fingor alone. The patient with Raynaud's will
demonstrate complete resolution of all cyanosis or no change
following the same procedure,

COLD HEMOLY5IN SYNDROME

The discovery of antispirochetal antibiotics has virtually
eliminated the cold hemolysin syndrome from present day clinical
medicine, Jase studiea will infrequently appear in the liter-
ature that are not ».aved to long standing syphilis, but they
are exceedingly rare. /26/

This ontity is extremely interesting because of the bi-
thermic potential of the Igu antibody. Unlike the cold ag-
glutinin syndrome where antibody attachment to the erythrocyte
surface and the expression of the antibody presence (agglutina-
tion or hemolysis) occur at the same low temperature (20C),

*The role of complement in cold agglutiun di-case 1s deseribed 1n Doctor Cuhen's raper on pages 523-536
of this sysposium.
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tha antioody of this cold hemolysin syndrome attaches to the
red cell receptor sites ln a ‘emperature range that causes no
signs or symptoms, and that only after exposure tw warmer
environmonts ( > 25C) will hemolysis occur,

COMMEP s

In additicn to the foregoing process, there are several :
nther conditions associated with cold intolerance causing ‘
Rayuaud's like symptoms., TABLE IV. These conditlions are not,
however, immunoclogically medir ted and consequently outside the
scope of this paper. Reference will be cited in the bibli-
ography directing the reader to specific papers discussing
these conditions,

TABLE IV

OTHER CONDITIONS ASSCCIATED WITH COLD INTOLERANCE /26/

Raynaud’s disease /31/

I rgotism and heavy nietal intoxication /30/

Shuulder girdle compresston /32/

Occunational diorders (pneumatic hammer drscase, ty pists, pranists) /3)/
Myxedema /34/

— ——
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